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I. IRRIGATION FOR MISSOURI-WHY? 
Summary. Most Missourians have experienced the mJury to 
lawns, gardens, or crops resulting from deficient rainfall. These 
unfortunate occurrences and frustrations usually can be prevented 
by applying water artificially. The garden hose is a slow, costly, and 
impractical method for farmers; hence, supplemental irrigation. 
The expansion of supplemental irrigation in Missouri will ensure 
satisfactory crops in those seasons where rainfall is inadequate in 
amount or distribution through the season, ensure increased quality 
and quantity of crop yields, permit better fertilization, and permit 
raising high-value crops which are not being grown extensively in the 
State at the present time. Irrigation may greatly increase land 
values as has been the case in older irrigated districts. The diversi-
fication of agriculture resulting from irrigation will be helpful. 
Missouri should capitalize the competitive advantage it possesses 
over arid regions1 because irrigation here is less difficult and less 
expensive, because no costly pioneering settlement is needed, and 
because better and closer markets are available. The irrigable acreage 
in Missouri may be larger than that of the average western state. 
Even though irrigation is optional, its advantages should not be over-
looked. 
Although supplemental irrigation in humid and sub-humid regions 
has been practiced in a limited manner since ancient times, it is only 
in the last generation that it has been extended over several hundred 
thousand acres east of the one-hundredth meridian of this country 
and developed on a systematic, economic, and scientific basis. Many 
recent improvements are available for postwar use by veterans and 
others. However, the movement is in its infancy, and its literature 
is scattered. 
1 The 1941 Yearbook of Agriculture, pp. 195-6. 
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It is the purpose of this bulletin to summarize the possibilities 
of supplemental irrigation for Missouri and regions of similar rain-
fall, to adapt successful practices elsewhere to Missouri conditions, 
to warn against pitfalls, and to provide a selected list of annotated 
references. The author bases his opinions on an interest, including 
considerable experience, extending over the last thirty-five years. 
Experience Available. Forty thousand acres were under success-
ful supplemental irrigation in 1940 in the Willamette Valley of 
Oregon, and plans are now under way to increase this tenfold. The 
total annual rainfall of 38 inches is about the same as is that of 
Missouri although only six inches of it falls in the five summer months. 
Considerable data are available from this region, especially in Ref-
erences2 8 and 16. 
More recently the Tennessee Valley Authority has conducted ex-
periments which show supplemental irrigation to be profitable even 
in that region, where the annual rainfall of approximately 50 inches 
greatly exceeds Missouri's 40 inches (Reference 10). 
A previous study3 (Reference 6) found 108 places in Missouri 
where irrigation has been practiced on a small scale with generally 
sati:0factory results, although often the techniques were crude. Many 
of the . facilities were emergency installations necessitated by the 
serious droughts of 1934 and 1936, and they were neither planned nor 
operated so as to secure the best returns. 
Satisfactory results, examples of which will be found in Refer-
ences 3, 4, 6, 9, 24, 32, and 38, have been obtained in other humid and 
sub-humid regions. 
Federal Recognition of Need in Connection with Stabilized Agri-
culture. The 1938 Year Book of Agriculture of the United States 
Department of Agriculture states: 
"In most of the Great Plains livestock runs on native grass 
pastures or on the open range during most years, and during much 
of the year. In most of these areas, however, it is essential that other 
winter feed and emergency supplies be provided for use during 
much of the winter. In most of these areas it is essential that other 
winter feed and emergency supplies be provided for use during 
2These and subsequent references are listed at the end of the bulletin. 
3lt is recommended that the reader examine Bulletin No. 410 of the University 
of Missouri Agricultural Experiment Station, Supplemental Irrigation in Mis-
souri, by R. P. Beasley, August, 1939. This survey covered much of the none-
too-thorough supplemental irrigation existing in Missouri in 1938, and provides 
useful comments and advice. 
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extremely dry years. Often irrigation offers the only possible method 
of providing such insurance. The recent drought periods on the Great 
Plains region brought very forcibly to the front the need for this 
type of supplemental irrigation. 
"Stabilization of agriculture in many parts of the United States 
could be aided greatly by irrigation of these three types: (1) Supple-
menting the natural precipitation during dry periods in normally 
humid areas, (2) watering gardens and small forage patches on dry 
land farms, and (3) supplementing range livestock feed by growing 
winter and emergency forage crops." 
The 1940 Year Book of Agriculture further states: 
"Wherever irrigation development on the Great Plains is feasible 
it should be carried out in a way that will permit an integrated use 
of irrigated and non-irrigated farming land along with grazing land. 
Such integration would be most desirable on a farm-unit basis, but 
where this is not possible integration on an area basis should be 
planned in order that irrigated land may be used as a winter feed 
base for livestock. 
"The natural forces influencing Great Plains agriculture are so 
powerful that here, more than anywhere else, public action seems 
necessary to assist in effecting the adjustments that are needed to 
stabilize the agriculture of the region. Among such measures is the 
development of supplemental irrigation." 
No Year Books have been issued for 1943 and 1944; hence, no 
recent comment is available from this source. 
Rainfall Deficiency. Most crops in Missouri suffer in most years 
from insufficient rainfall at critical times during their growth. Much 
of the rainfall is not effective, since less than one-quarter of an inch 
will not penetrate the ground sufficiently and since a considerable 
percentage of the heavier rainfall, of three-quarters of an inch or 
more, may be lost in run-off, which does not soak into the ground. 
Table I shows the daily rainfall in central Missouri during the 
last eleven summers.* Rainfall of less than 0.25 of an inch is omitted 
as being generally ineffective. Intervals of ten days or longer without 
effective rainfall are shown by a heavy black line. Since several such 
periods occur nearly every summer, the necessity of added water is 
obvious. 
The usual deficiency in summer rainfall causes reduced quality 
and quantity of crop yield; makes impossible the cultivation of certain 
crops which especially need adequate water at certain periods of their 
*From the records of the United States Weather Bureau. 
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Table I. DISTRIBUTION OF RAINFALL IN INCHES AT JEFFERSON CITY, MISSOURI, DURING 
JUNE, JULY, AND AUGUST FROM 1934 TO 1944 INCLUSIVE. 
Rainfalls less than 0.25 of an inch are omitted and periods of ten days or longer without ef-
fective rainfall are shown by heavy dark lines. 
1934 103r:;_ 193 1937 1938 1939 1940 1941 1942 1943 1944 
0.30 0,29 
0.50 
0,39 -0.60 0.40 0.40 
0.62 0.25 0.41 
0.42 0.-37 
1.14 
0.81 0.60 1.54 0.39 0.63 
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0.25 
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0.27 
2.58 0 61 
0.62 
0.45 0.84 
3.20 
o.: 0 3. 0 
0.43 
0.34 
0,82 
0.43 0.90 0.30 
1.04 
0.80 0.67 
0.65 
0,43 
0.37 
1. 70 
0,98 0,30 
0,87 1.20 
0,25 1.66 
0.40 0.35 1.33 
0.45 
o. 4 1.10 
0.51 
1.30 
2.82 
3.00 0.74 
0,46 0,43 
0,40 0.46 
1.05 0.40 
0.25 
0,81 
1.35 0,56 
1.30 0.1 5 0.66 
0.63 2.20 
0. 52 0.40 
1.57 0.66 1.21 
0.25 0.51 
0.55 0.60 0.26 
2.15 
0.90 1.65 
0.40 
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growth; and prevents securing the better prices of early, late, ur 
drought markets. Furthermore, since it is thought that many ferti-
lizers tend to "burn out" a crop which is inadequately watered, farmers 
hesitate to use them. 
The Appendix contains an official summary of the most severe 
summer droughts in Missouri from 1870 to 1930. On~-fourth of the 
61 years have been very dry and, unfortunately, often close together, 
causing an accumulation of losses. 
Recent Developments. Among the developments of recent years 
which now make irrigation more attractive in Missouri may be men-
tioned the following: 
1. Improved pumps and power, including portable pumping 
plants and rural electrification. The Rural Electrification Adminis-
tration rate in Missouri for irrigation pumping is 2 cents per kilowatt-
hour, but few of the r,ower lines can carry a heavy pumping load. 
2. Improved portable pipe systems for carrying water from the 
pump to the land. A single pumping plant with such pipe can be 
moved to various localities, thus minimizing the investment cost. 
3. Improved portable overhead spray and sprinkling systems. 
4. The construction of large inexpensive farm ponds that are 
now being built throughout Missouri. 
5. The prospect of better drought predictions from the Weather 
Bureau. The science of meteorology is constantly developing better 
predictive information. It may thus aid one to decide whether, and 
when, to irrigate, Delayed irrigation can ruin crops. 
6. Realization that supplemental irrigation is growing in popu-
larity, is practical, and is much cheaper than irrigation in arid regions. 
7. The continuing interest and experimentation throughout the 
country as indicated in such publications of the older state and federal 
governmental agencies as are listed in the references at the end of 
this bulletin. 
8. More probability of aid from the newer governmental agencies. 
As an example, the Farm Security Administration has prepared, and 
is preparing, unusually fine descriptions and up-to-date instructions 
under such titles as First Aid for the lrrigator, and Land Develop-
ment for Irrigation (References 14 and 3,5). Should the Missouri 
Valley Authority materialize, it will doubtless interest itself in sup-
plemental irrigation as has the Tennessee Valley Authority. 
9. Better markets for early and late crops. 
10. A war-stimulated demand, by veterans and others, for an 
improved and mechanized agriculture. 
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The Demand. It is expected that the end of the war will find a 
demand for improved agriculture, partly by returning veterans, whose 
ambitions will demand new and more effective procedures if these 
men are to return to the farm. Supplemental irrigation may appeal 
to them as a method for ensuring better crops and for removing 
many uncertainties from agriculture. The manufacture and installa-
tion of equipment for these projects are among the better ways to 
create postwar jobs and to provide self-liquidating investments for 
many farmers. 
While supplemental irrigation eventually will become widespread, 
early operators may profit most, since they will have better and more 
varied crops than will non-irrigating competitors. They will often 
raise valuable seed and root-stock crops to sell to drought-stricken 
neighbors. 
Requirements for Success. It is essential that each individual 
installation for supplemental irrigation be recognized as a separate 
problem that must be studied in all its aspects and developed in 
accordance with the best modern practices if maximum success is to 
be attained. Also, community effort must be organized for irrigation. 
Halfway measures or procedures will not result satisfactorily. 
To assist in such studies, development, and organization, the fol-
lowing description of supplemental irrigation will give an idea of 
the methods generally applicable in Missouri, but it does not cover 
all the necessary details and precautions for actual irrigation. Addi-
tional information may be secured from the references, from irrigators 
in older districts, from experience of others in Missouri, and from 
personal observation. 
II. FAVORABLE CONDITIONS NECESSARY 
So that irrigation may be profitable, it should be limitied to suit-
able soils, to favorable topography, and to lands where artificial 
drainage will be unnecessary. There must be an adequate and eco-
nomical source of water supply and, of course, a satisfactory market. 
Soils. Figure 1 shows the general location of the more extensive 
bodies of irrigable soils in Missouri. These are often in the bottoms, 
where adequate water is available. Suitable smaller areas will be 
found throughout the State. It must be emphasized that good soil 
is essential. 
An ideal soil for irrigation is a medium-textured, highly fertile 
soff with a subsoil which is only slightly finer-textured than the surface. 
The most desirable surface textures for irrigation include sandy loam, 
fine sandy loam, silt loam, and loam. Slightly less desirable surface 
textures are clay loam, silty clay loam, and loamy sands. The highly 
organic muck and peat soils can be successfully irrigated. 
Extremely sandy soils and those clay soils locally known as 
gumbo are not generally well adapted to irrigation. 
Rice is not damaged by an excess of water, and the level clay 
soil areas along the larger streams are the most successful rice-
producing areas in this region. 
Large areas of land, especially on topography which is favorable 
for irrigation, are underlaid by a dense, impervious, claypan subsoil 
which restricts drainage. However, under light and controlled appli-
cations of water, much of this land may be successfully irrigated. 
Topography. For the simpler types of irrigation, there should 
be preferably a slight and uniform ground slope of from 2 to 8 inches 
per 100 feet. Flatter and much steeper slopes can be irrigated by 
"Special Methods" described later. 
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Cour tesy of H. Krusekopf, College of Agriculture, Universi ty of Missouri 
LEGEND: 
Bottomland along the Missouri and Mississippi rivers that 
probably includes the most desirable irrigable land, because of favor-
able soil and topographic conditions. Bottomland along the many smal-
ler streams, particularly in the northwestern part of the state, may be 
equally favorable, and its distribution can be determined by consulting 
large scale soil maps . 
The upland soils ofnorthwestern Missouri ate generally of high 
fertility and good structure, and irrigation mat be feasible where topo-
graphic conditions are favorable. Most of the land is rolling and ·near 
the larger streams it is hilly. 
Fig. 1. General Location of the More Extensive Bodies of Irrigable Soils 
in Missouri. 
For one reason or another parts of these large blocks of land may not 
be suitable for irrigating. 
Many other suitable, but smaller, areas occur in every part of the state. 
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Saline Soils and Drainage. Where large bodies of adjoining lands 
are irrigated in the arid West, there frequently develops a water-logged 
or alkali condition that requires artificial drainage and other expensive 
relief measures. Circular 707 of the U. S. Department of Agriculture, 
Saline Soils, September, 1944, states: "On much of the 20,000,000 
acres of farm land now irrigated in 19 western states the crop yields 
are reduced 10 to 20 percent by salinity, or an excess of soluble salts 
in the soil, commonly called alkali. Salinity causes not only a reduc-
tion of crop yields but also, if severe, an outright abandonment of 
irrigated lands." These conditions should not be encountered in 
Missouri, where irrigation will be light, irrigated areas will be rela-
tively small, and heavy rainfall and light evaporation will prevent the 
accumulation of salts. 
It is generally better not to irrigate land if it is anticipated that 
the water table will rise sufficiently to necessitate expensive drainage. 
Water Supply. In most seasons a supply of water sufficient to 
cover the irrigated area to a depth of several inches will be adequate. 
If pumping is necessary the lift from the source to the surface of the 
land, including friction losses, should be less than 40 or 50 feet but may 
considerably exceed this with cheap power, for large projects where 
irrigating costs per acre will be low, for valuable crops, for crops re-
quiring little water, or for other special conditions. 
In western arid regions legal difficulties regarding water right~ 
are encountered, but few such difficulties should arise in Missouri, 
where the water supply is abundant. In most cases a common-sense 
judgment will suffice as to whether the consumption of certain waters 
for irrigation will be harmful to other users. So far as is known the 
question of water rights for irrigation has not yet arisen in this State. 
In several states where extensive pumping has been undertaken 
for irrigation or industrial purposes, the underlying water table has 
been lowered sufficiently to cause considerable restrictive legislation 
regarding the use of ground water. Difficulties of this nature are 
not anticipated in rural Missouri in the near future, if ever. 
Markets. Better and closer markets are necessary and, fortun-
ately, more available for Missouri than for most of the arid irrigated 
regions of the West. Cooperation must be developed among all those 
interested in irrigation, both for marketing and for perfecting irriga-
tion practices. 
III. SOURCES OF WATER SUPPLY 
Gravity Supplies. Under a gravity system the water is taken 
without pumping from a pond, lake, spring, or at a higher elevation 
along a stream and conveyed to the irrigated lands by gravity in 
canals, flumes, or pipes. Where gravity supplies are possibl~ they are 
often the least expensive method of securing the water. 
Large multiple-purpose farm ponds are now being advocated and 
built in considerable numbers throughout Missouri. Federal aid is 
available if these are built on livestock farms. It will be possible to 
irrigate by gravity small areas in the valleys below the ponds and thus 
to secure inigation water at low cost without pumping. The methods 
of constructing and using these ponds are described in Circular No. 
482 of the Agricultural Extension Service, University of Missouri, 
January, 1943 (Reference 11) ; and Bulletin No. 15 of the Missouri 
Conservation Commission, September, 1942 (Reference 12). 
When a pond is suitably located, it may be possible to use it as a 
reservoir into which a small low-cost pump continuously discharges 
sufficient water to permit the irrigation of a much larger area than 
could be watered from the pond alone. The advantages of this pondage 
over using a small pump without a reservoir are that rainfall is 
stored and used, that cheap pumping results from running the pump 
24 hours per day ( as described later), and that the irrigator does not 
waste his time in using only the small flow of water discharged by 
the pump. Such benefits from the farm pond may justify its con-
struction or may suggest a different size and location for the pond. 
Pumping from Open Water. Next in economy of securing the 
water are those supplies pumped from rivers, creeks, or lakes, typical 
layouts for which are shown in Figs. 2 and 3. Gasoline engines, Diesel 
engines, and electric motors are available as sources of power. Auto-
mobile or tractor engines are often suitable. While any type of pump 
may be used, centrifugal pumps are best in most cases. A pumping 
plant may be located permanently or it may be moved from one 
location to another as circumstances require. It may occasionally be 
bought second-hand, or rented from construction or well-drilling con-
tractors. 
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References 2, 4, 6, 13, and 21 to 30 inclusive describe actual pump-
ing installations in some detail, both from open water and from wells. 
Information regarding costs of pumping is given later in this bulletin. 
Pumping from Wells. Somewhat more expensive water supplies 
are obtained with deep-well turbine and centrifugal pumps from open 
wells, from drilled wells, from bored wells, or from well points driven 
into the water-bearing strata. Figures 3 and 4 show typical set-ups 
of this kind. 
Selection of the Pump. A reliable local well driller should be 
employed to put down the wells. The level of the water is usually 
lowered materially by pumping and this drawdown must be considered 
in selecting the pump. Wells should always be tested to determine 
their drawdown and their potential capacity before selecting the 
power plant and pump. 
The pumping lift used in selecting the pump must include the 
drawdown of the well, the vertical lift from the normal water surface, 
the friction loss in all pipes and elbows, and the entrance and dis-
charge losses. It is helpful if a community can standardize its pump-
ing equipment so that stock parts and service may be available locally. 
The selection of the pump and the motor or engine to run it 
should be left to a reliable pump and irrigation expert in order that a 
coordinated system of motor or engine, pump, water conveyance, 
water application, and crop diversification may be secured. It is 
recommended that a formal agreement be drawn up between the pur-
chaser and the pump company specifically listing the equipment and 
accessories to be furnished by both parties, the guaranteed perform-
ance of the pump, the provision for +,esting the performance, and the 
method of payment to the company. 
Pumps of smaller capacity running constantly are more econom-
ical in first cost than large pumps running intermittently. Further-
more, the drawdown in wells probably will be less for the smaller 
pump and the total lift of water reduced, thus lowering pumping costs. 
If electric power is used, the power rate may be lower for the more 
continuous operation. On the other hand, smaller pumping plants are 
less efficient, and more irrigating labor is usually required. 
These matters are discussed further under the headings "The 
Economic Size of Project" (page 46) and "Cost of Pumping" (page 
48). 
City Water Supplies. Cheapest in first cost but most expwsiv0 
in operating cost are those supplies obtained from city water mairn:i. 
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Fig. 2. Pumping from Open Water. 
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The horizontal centrifugal pump is well adapted to pumping from 
streams, lakes, or from one canal to another. The characteristics of this type 
of pump are determined largely by the design and speed of the impeller. The 
manufacturer should have the following information in order to furnish a pump 
which will give the best efficiency under given conditions: 
1. The quantity of water desired in gallons per minute or cubic feet 
per second. 
2. The total "head" or lift in feet. 
3. The type of power available and probable speed at which the pump 
will operate. 
The total "lift" or "head" includes not only the actual vertical distance in feet 
to which water must be lifted as A+B in the sketch but also the friction head 
in the pipe and pipe fittings. 
The size of the suction and discharge pipe must be adapted to the quantity 
of water to be pumped. The table below indicates the lost head due to friction 
per 100 feet of length as well as the losses through pipe fittings in terms of 
equivalent lengths of pipe. 
r::..n..lCTION LOSS f)~Q 100 (::..bbT or::.. An example: (See sketch) 
COMMON LJS[:,D DIPb AND LOSS 
GUG. TO l=-ITTING.S 
GALLONS DIAM•HU OF PIPE,-
Pm. 4-IN , 5-IN . Co-IN. e- IN I0-IN , 
MINu1i;, FlllC1ION 1-'IAD IN Ffai;..T 
400 15.82 5. :,~ 2.21 0 . 5(. ---- -
450 19.75 G,.G5 2.74 O.G,,4 0.21 
500 24.08 8.12 3 .2G 0.81 0.28 
750 ----- 17.22. 7.00 1.74 0.59 
I .000 -- - -- --- -- 12.04 .3.02. 1.01 
1,2.50 -- - - . ·- --- - 10.2.0 4.45 1.51 
1,500 ----- ---- - --- -- lo.27 2.0S 
2.000 ----- ----- - -- - - 10.11 · 3.50 
~12.ICTION LOS5b5 TfJD.U PIPJ;; i::ITTINGS IN. 
HQ.MS m:. bOUIVALi::cNT u;,NGrnsrn:. PIP~ 
'-'mmv. 3.44 4 .57 5 ,72 8.10 10.10 
l~Jr~lDU~ wi 5 . 17 7 . G8 ~.1,,1 l~. GO 11.97 
si!iDm,ov 9.22. 12.20 15.3() 21.71 21l70 
Courtesy of U. S. Farm Security Administration 
Fig. 2 Continued. 
Let A+B = 20 feet actual head. 
Let C+E = 200 feet actual length of ii-inch 
discharge and suction pipe 
D = Medium sweep elbow equivalent 
to 13.6 feet of 8-inch pipe. 
F = Standard elbow equivalent to 
21.7 feet of 8-inch pipe. 
Compute total head when pump is delivering 
1000 gallons per minute. 
An8-inchpipehas3.02feet of friction head 
for 100 feet of length when carrying 1000 
gal. per minute. Totalfriction head in pipe 
andelbowsis(200+13.6+21.7)x.030 or 7.05 
ft. Total head is 7 .05 feet friction head +20 
ft. Actual head = 27 .05 feet. 
There is a slight additional loss due to the 
foot valve and other factors. 
Friction loss table based on common used 
pipe. 
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Pumping from a stream or pond 
Garden irrigation can be accomplished by pumping from ponds and streams if 
the lift is not too great. A small horizontal centrifugal pump set not higher 
than 10 feet above the water and powered by a gasoline engine in the equipment 
ordinarily used. Pumps of this type may be had in sizes which will deliver 
from 30 to 1000 gallons or more per minute. 
Pumping from shallow irrigation wells 
Along river bottoms where the ground water level is permanently within 10 
feet or less from the surface, small irrigation wells may be successfully used 
for the irrigation of farm gardens. Casings for such wells are ordinarily made 
from sheet metal slotted to permit water to enter. In some instances old range 
boilers with the ends cut out are welded together and slotted with a welding torch. 
Small centrifugal pumps set at the ground surface are quite satisfactory. 
Courtesy of U. S. Farm Security Administration 
Fig 3 Continved. 
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CONDUIT TO SUJ!TIN~ 
MX-
:HICT ll!C MOTOl2. 
~Q[l D G ·I• OSINC. 
A?.>OV~ 1rna H.l':>L• --+-,-......... 
\V AH- 12. IA !bl i:; 
.Sb.CTION-
TYPICAL 
f.:O\VL AS5[;,M['.)LY 
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.PelHOl2f..TW 6 · 1· CASINC, 
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MOTOQ DQIVbN TUQf:,IN~ 
112.QIGATION PUMP 
Fig. 4. Pumping from Wells by Turbine and Propeller Pumps. 
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TU~DIN[; TYP[; IQQIGATION PUMP \VITW 
G[;Afl W[;AD CONN[CT[D TO A PO\Vl:cfl 
UNIT \VITW A 5~Ar:T AND DOUl:)Ll:c 
UN!Vt;:f25AL JOINT. 
lf2121GATION PUMP GJ;.AD.. 
W [;AD \VITW blTI--H:12 V--f:)b:LT 
OQ f=-LAT-f:ib:LT Drl!Vb PULLbY. 
TU 12.bl Nb- TYPl:- IQQI GATION PUMP 
WITW W{;AVY DUTY P)l::LTl:-D Wl:cAD 
!=012 t;;IT~[;ll f=-LAT OQ.V-TYPb f.)l:cLTS. 
TURBINE AND PROPELLER TYPE IRRIGATION PUMPS 
The turbine type Irrigation pump Is adapted to lifting water from 
wells of various diameters and through various heads from a few feet 
to several hundred feet. The characteristics of the pump are determined 
largely by the design of the bowl assembly and the speed of the Impeller 
shaft. 
In order to determine the type of pump and design of' bowl as-
sembly required for the best efficiency under given conditions the manu-
facturer should have the following Information: 
1. The discharge of the well at various stages of "Draw Down" . 
This Is determined by a pump test ·of the well. 
2. The diameter of the well casing. 
3. The type of power to be used for. driving the pump. 
Where three phase electrical energy is available, the direct con-
nected motor drive may be used. Other types of drives for the turbine 
pump are shown. 
The propeller type pump is adapted to lifting large volumes of 
water through low heads. In Irrigation practice it Is used to deliver 
water from a stream or lake to a· canal at higher level or from a low 
level canal to one at a higher level. The same types of drives as shown 
for the turbine are adapted to the propeller pump. 
Fig. 4 Continued. 
Pl20PbLL[;l2 TYPi; 
11212.IGATION [)LJMP 
Courtesy of U. S. Farm Security• Administration 
IV. CONVEYANCE OF WATER FROM THE SOURCE TO THE 
LAND TO BE IRRIGATED 
The least expensive method of conveying the water is by perma-
nent or temporary canals or ditches (Figs. 5, 6, 12, 13, 14, and 15), 
but there is considerable loss of water and loss of the land occupied 
by the canals or ditches. They are economically constructed by ditch-
ing equipment such as that shown in Figs. 6 and 11. 
Cheaper in land and water use but more expensive in original 
cost are metal or wooden flumes, the latter being shown in Fig. 7. 
The most expensive method of conveyance is in underground 
pipes, but it has the advantage of minimizing the loss of water. This 
is an important consideration where water is scarce or expensive, such 
as that secured from a city main. 
One of the important developments of recent years is the use of 
sixteen- to twenty-foot lengths of light-gage, galvanized, welded steel 
pipe with special joints which permit the pipe to be quickly assembled, 
dismantled, and moved to a new location on the surface of the ground. 
This is especially useful in portable irrigation plants, where the pipe 
is laid quickly over the ground, then dismantled and moved to another 
tract of land by one or two men. Figure 8 shows Calco Rapid Action 
Couplings for such pipe carrying higher pressures. Shorter slip-joint 
sections are suitable for low-pressure service. The same pump and 
pipe can be used on different parts of a farm or on several different 
farms, thus minimizing the necessary investment. 
Canals and ditches, flumes, and pipes will all necessarily be used 
to some extent in most installations for supplemental irrigation, but 
it will be optional throughout most of the system to select one or the 
other of these devices for conveying water. 
--·· ~ ..:,.-- ·------- ----·--· -~-.....___ __ __ 
CANAL orz LAT ~a.H 
Courtesy of U. S. Farm Security Adminis tration 
Fig. 5. General Layout of an Irrigated Farm. 
-· -_..:..-~.-----
Close growing crops such as alfalfa are 
irrigated by use of corrugations, borders, border 
ditches, basins, and contour ditches while row 
crops are irrigated by furrows and borders. Any 
one or a combination of several may be best suited 
to an individual farm. 
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Fig. 6 Continued. 
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Courtesy of U. S. Farm Security Administration 
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Courtesy of U. S. Farm Security Administration 
Fig. 7. Wooden Flume. 
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Courtesy of Califorhia Culvert Company 
Fig. 8. Calco Rapid Coupling for Portable P ipe. 
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The buck scraper is a convenient and economical implement for 
moving earth in land leveling operations. It is particularly useful in 
filling low spots or removing high ones . When drawn by a team of horses 
it may be used while water is being applied to borders. After the space 
between border dikes has been leveled with the float, water may be turned 
in and the leveling process finished as the low and high spots are revealed. 
The cutting float is used in somewhat the same manner but is drawn with 
tractor power and is not adapted to wet leveling. 
Fig. 9. Buck Scraper for Land Leveling. 
w;11z.·,e· -
.l':>rn'(pl- _ 
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fJUC K SCMPC!l fOrl \VCT AND DflY LtVCLING 
CUTTING rLoAT 
Fig. 9 Continued. 
The so-called irrigation "float or •1eveler11 is used 
to produce a uniform, smooth landsurface, free from minor 
Irregularities over which water may be evenly distributed. In 
order to function properly the float should have the following 
structural features: 
1. The length should not be less than 18 feet. 
2. At least one cross member should be adjustable 
to allow for variable soil conditions. 
3. The use of divided rollers makes turning easier 
and reduces draft. 
Many types of floats are available, both commercial 
and home-made. The irregularities produced by farming 
operations make the use of the float desirable each season 
on all irrigated fields. 
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Fig. 10. Float for Land Leveling . 
Courtesy of U. S. Farm Security Administration 
V. METHODS OF APPLYING WATER TO THE LAND 
Topography and Leveling. For the simpler types of irrigation, 
the land should preferably be smooth, with a gentle slope of between 
2 and 8 inches per 100 feet. Flatter and much steeper slopes can be 
irrigated by the "Special Methods" described later in this section. 
Only rarely in Missouri will it pay to level* the land extensively 
as is done generally in arid regions. However, light leveling will 
usually pay in facilitating the distribution of the water in the fields. 
It may be inexpensively accomplished with the buck scraper and float 
of Figs. 9 and 10. 
It is especially necessary that no low spots be left on the heavier 
soils, where water may stand in pools and "cook" the crop. 
On all except the most uniformly sloping land, or under the most 
favorable conditions, a topographic map is essential to the careful 
planning of water distribution on the farm. The general layout as 
shown in Fig. 5 will be worked out in detail on this map. It will 
ensure a wise choice of irrigating methods, show the actual field 
layouts, indicate the proper sizes and grades of field ditches and 
flumes, outline the areas to be left unirrigated, assist in any necesssary 
leveling, and generally prevent difficulties and save money. Such maps 
have been used for a generation on the better managed irrigation 
projects and are especially necessary in a region unaccustomed to 
irrigation. The map will cost only a few dollars per acre, including 
expert advice as to the irrigation layout. Examples and specifications 
for such maps are given on pages 124, 141, and 142 of Reference 2. 
Proved Methods. Many methods of applying water, most of 
which are shown in Figs. 5, and 11 to 19 inclusive, have been developed 
by long experience, fl,nd consequently will give satisfactory results. 
Departure from these proved techniques should be attempted only by 
* As used in irrigation, leveling of land means to smooth it so the water 
will flow properly-not to make the land level. 
32 UNIVERSITY OF MISSOURI BULLETIN 
The corrugator is a device used to make small furrows or cor-
rugations for conducting irrigation water over the ground surface. Cor-
rugations are particularly adapted to watering grain or hay crops on 
irregular fields or for new fields which have not been thoroughly leveled 
and floated. 
The runners are commonly made of 4 • x 6 • material spaced 30 
inches apart. This spacing may vary however, depending on the soil 
and slope of the land. 
Fig. 11. Corrugator for Furrowing and Ditcher. 
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The adjustable crowder is essentially a one-way irrigation 
ditcher. It is adapted to making various width ditches by adjusting the 
spreader board between the runner and crowder. 
Several furrows are first plowed to loosen the dirt. Then the 
crowder with the crowder board leaning upward and outward crowds the 
dirt to one side to form the ditch bank. This operation is then repeated 
on the opposite side to form the other bank. 
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Courtesy of U. S. Farm Security Administration 
Fig. 11 Continued. 
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Fig. 12. Furrow Irrigation, with Lath Boxes. 
Fig. 12 Continued. 
IRRIGATION FOR MISSOURI 
IRRIGATION OF ROW CROPS 
Accurate control of flow of irrigation water to 
row crops 1s veryimportantundermanyconditions. The 
use of checkdams, take-out boxesandlathboxesorother 
forms of spiles permits accurate control of head and 
saves labor. 
The placing of small structures forirrigation of 
row crops may be explained from the accompanying 
sketch as follows: 
Water enters the field through the field lateral 
and is shown running from left to right or away fr.om the 
observer. The secondary ditch or so called "regulation 
bay" is madeeitherwithaplowor s·ome form of ditcher. 
Small earth dams or checks are placed in "regulation 
bays" as shown. The spacing ·depends upon the fall in 
the field lateral. 
1. The metal check dam or canvas dam at "A" is set to raise 
the level of the water in the field lateral. The by-pass gate 
in the metal check is opened to allow excess water to pass 
on down the field lateral. 
2. The ditch bank is next cut with a shovel and the take-out box 
at "D" is placed as shown and well sealed with mud to pre-
vent leakage. The gate in the take-out boxisopenedtopermit 
water to enter the "regulation bay". 
3. Water standing in the - "regulation bay" at some given height will 
form a foam line which permits the setting of the lath boxes or spiles 
at a given level. A lath box is generally set for each row although 
where a small head is desired one box may serve two rows. Each 
lath box should be set as near level as possible and close to the 
ground in the rows. Each box must be sealed with mud. There is 
less danger of lath boxes becoming clogged with trash if the head 
of water in the "regulation bay" is carried above the level of the top 
of the box. 
4. One take-out box will ordinarily serve from 12 to 20 lath boxes. 
The gate in the take-out box is now opened to allow the desired flow 
through the lath boxes. The quantity of water flowing through the 
lath box will depend on the height of water above it. The gate in the 
check dam is then accurately set to maintain the proper head in the 
field lateral. 
5. After one bay has been set the same process as has been described 
is repeated in the second bay as shown at "I" and so on until the 
entir.e head in the field lateral is used. 
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Siphon tubes made of light metal or plastics are sometimes us.ed to 
distribute water from a field lateral to furrows for irrigation of row crops. 
Some irrigators prefer this method since it is not necessary to cut the ditch 
bank to place the tubes and the use of a "Regulation Bay" or secondary ditch 
is not required. It has the disadvantage of being difficult to regulate and if 
flow in the lateral is interrupted the siphon action in all tubes must be started 
again. 
The siphon action is started as follows: 
1. The tube is filled with water by submerging it in the canal. 
2. The hand is placed over one end and the tube set in position as 
shown in the drawings. 
3. When the hand is removed flow will start and may be adfusted 
by raising or lowering the discharge end. 
4. The intake end of the tube should be placed far enough under 
water to eliminate clogging by floating trash. 
Court_esy of U. S. Farm Security Administration 
Fig. 13. Furrow Irrigation, with Syphons. 
The borde_r method of irrigation is used for watering close growing crops 
as small grain and hay on slopes which do not exceed 3 to 4 feet per 100 feet. 
The dikes which guide the water down the border strip are built with the border 
drag or with special machines. The dikes are laid out down the steepest slope 
and the strip must be well leveled if uniform distribution is to result. Most of 
the leveling is done with the float but may be finished with the buck scraper 
used after the water is turned in so that the high and low spots may be identi-
fied . 
DIAGD..AMATIC 5t.CT10N 
T!-10..U ODC.N TYf)E. r.iox 
Fig. 14. Border Checks. Courtesy of U. S. Farm Security Administration 
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experienced irrigators. The simplest and surest methods for condi-
tions in Missouri are described and illustrated in this section. They 
may be studied in more detail in References 1, 2, 9, 13, 14, 17 to 20 
inclusive, 24, and 31 to 42 inclusive. Extensive local experience may 
develop improvements or adaptations. 
Furrows. Doubtless the furrow, row, or corrugation method as 
indicated in Figs. 5, 11, 12, and 13 is best adapted to usual Missouri 
requirements since it is cheap, requires less experience, will serve all 
row crops, and can be used for most other field crops. Little leveling 
of the land is necessary. There is some loss of both land and water 
in this method. With corn and other crops planted in rows, the rows 
may serve to form wide furrows which are quite effective. Supply 
ditches are located either along the upper border of the field or along 
the ridges. In the latter case, the water runs both ways in the furrows 
from the ditch. The length of the runs of water should be of the order 
of 220 feet on fine sand, 330 feet on loam, and 440 feet on clay loam. 
With longer runs the upper portion is over-watered, the lower end 
cannot be observed readily, and difficulty is encountered on flat slopes 
in getting the water to the lower end of the furrows. Even shorter 
lengths may be better on flat or steep slopes. The aip.ount of water 
admitted to each furrow will vary with the soil; the slope, and the 
length of the furrow. 
Checks. Border checks, such as those shown in Figs. 5 and 14, 
extend down the natural slope, with low embankments to guide the 
water. They have been used mainly for alfalfa, clover, and similar 
crops. The water spreads over the upper portions of these checks, 
which must be made level transversely, and flows to the lower end. 
It is well to have the upper 20 or 30 feet of the check level so that the 
water may spread evenly before starting down the slope. 
More leveling is required than for furrow irrigation, and there 
is the same loss of land and water. Desirable slopes may vary from 
1½ to 3½ inches per 100 feet on clay soils, to 10 inches per 100 feet 
on sandy soils, care being taken to avoid steep slopes on heavy soils 
and flat slopes on sandy soils so that the water will percolate uniformly 
throughout the length of its run. Checks with usual slopes and flows 
of water are preferably from 20 to 40 feet wide, and not over 330 
feet long on steep slopes of sandy soils or 660 feet on flat slopes of 
heavy soils. Shorter · lengths are better on either lighter or heavier 
slopes. The longer, wider, and flatter checks require larger flows 
of water. 
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Contour checks, which are formed by level low embankments, 
following the contour of the ground, allow the water to stand in nearly 
level ponded areas and to seep into the ground. 
Level rectangular checks, or basins, Fig. 5, will seldom be used 
because excessive leveling of the ground is required. 
Rice is one of the few crops where ponding of water is essential. 
Water standing on the heavier soils may harm other crops. 
Wild Flooding. Here the water is distributed from ditches along 
contours, at right angles to contours, along ridges, or along high 
ground. Although inefficient, it is widely used for other than row 
crops. Little leveling is necessary. 
Because of the lack of guide furrows or embankments for the . 
water used in wild flooding, the supply ditches are placed much closer 
together than in other methods of distributing water, thus taking 
more land out of cultivation. 
Contour ditches, shown in Figs. 5 and 15, may be combined with 
erosion-control terraces, as mentioned in the next section. 
It is difficult to distribute the water uniformly from the border 
ditches shown in Fig. 5. 
Flooding cannot be successfully used on some soils because of 
the resulting puddling and crust formation. Cultivation immediately 
after irrigation, when this is possible, will relieve this difficulty. 
Porous Hose. Porous canvas hose, as described in References 6, 
24, 32, and 33, has been used in Michigan for irrigating small areas. 
Limited experience in Missouri with this method has not been satis-
factory, especially with high prices for labor and cotton fabrics. It 
may be successful here under special conditions. There is little waste 
of land and water, important items where they are expensive. No 
leveling of the land is necessary, but extra pumping is needed to main-
tain pressure of 15 to 20 pounds per square inch in the hose. 
Sprinkling. The rotary sprinkler and overhead spray systems, 
as shown in Figs. 16, 17, and 18 and as described in References 9, 
13, 24, and 36 to 42 inclusive, are used for high-priced crops where 
pressure is available, usually from pumps or city mains. They may 
consist, at least in part, of permanently placed pipe, but many of the 
pipes are laid temporarily on or above the surface and can be moved 
from place to place, thus minimizing the original cost. 
Sprinkling is not generally used. It must be skillfully designed 
and operated to meet specific crop or local conditions. The manufac-
turers of sprinkling equipment offer such service. Sprinkling has been 
r LO\V FU!lllO\V CAllHULLY PLACID 
ON CONTOUll 
..SCCTION TWD.U l.l lTG---lI:c ..S 
The use of contour ditch irrigation is favored in many sections 
for watering small grain, pasture and hay on irregular slopes or those 
in excess of 2 or 3 per cent. The success of the system depends upon 
the care with which the contour laterals are placed. It is customary to 
build the ditch across the slope with no grade or with less than 1/ 10 of 
one foot per 100 feet. In some cases water is diverted to the land directly 
from the contour ditch. A better method consists of plowingafurrow on 
the lower side of the contour ditch, throwing the furrow slice uphill. The 
flow is diverted from the contour ditch to the furrow by means of take-out 
boxes . Water spilling over the lip of the furrow passes down over the 
slope in a uniform sheet if the system has been carefully layed out and 
constructed . 
Courtesy of U. S. Farm Security Adir:!inistration 
Fig. 15. Contour Ditch Irrigation. 
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Courtesy of Skinner Irrigation Company 
Fig. 16. Portable Pipe and Rotary Sprinklers. 
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Courtesy of California Culvert Company 
Fig. 17. Sprinkler Irrigation. 
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Courtesy of California Culvert Company 
Fig. 18. Sprinkler Irrigation for Alfalfa and Clover. 
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recently improved and extended to cover large areas of field crops 
and may become increasingly popular. Since it provides excellent 
control of water and makes possible the application of smaller quan-
tities, costly leveling on rough ground is unnecessary, canals and 
ditches are eliminated, and both water and land are saved. Added 
pumping costs are required to maintain preRsure of 20 to 40 pounds 
per square inch at the rotating sprinklers, or somewhat less for 
spraying. 
The following statement is quoted from Reference 41 : 
"In general, sprinkling costs more; and unless the results, as meas-
ured by increased returns, are better, it cannot be considered economical. 
Since only one or two percent of the total area in California is sprinkled, 
evidently most farmers are either satisfied with their present methods, 
or do not believe that increased returns will compensate for higher costs. 
"Many advantages of sprinkling are listed. An increased return 
resulting from one or another of these advantages will sometimes offset 
higher costs, but not always." 
Sub-Irrigation. This method supplies the water laterally and up-
ward from ditches or drain tile below the surface of the ground, and 
has been used extensively only in a few localities (References 2, 9, 
and 13). 
Special Methods for Steep and Flat Slopes. It must be expected 
that irrigation will be somewhat more difficult and expensive on the 
steeper and flatter slopes. 
On slopes exceeding 8 inches- per 100 feet, up to 10 or more feet 
per 100 feet, skillful irrigation is required to prevent erosion, espe-
cially before the crop is up, and to slow the flow of water so that it 
will have time to soak into the ground. Small checks or areas, and 
small quantities of water, are used for flooding. Furrows are usually 
better than flooding for steep slopes. Where furrows run down the 
slope, only trickles of water are used in short furrows. If the furrows 
follow the contour across the slope, as in some orchard irrigation, the 
usual flow may be used in each furrow. 
Water does not flow readily over land sloping less than 2 inches 
per 100 feet. Deeper, smoother, and shorter furrows or rows; contour 
checks; or level rectangular checks will serve here to apply the water. 
Of course, porous hose and sprinklers can be used on both flat and 
steep ·slopes. 
Water Requirements. In supplementing the rainfall in Missouri, 
enough irrigating water must be applied in a season to the average 
crop to cover the ground about six inches, or, in other words, each 
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acre of land requires about six acre-inches, or one-half acre-foot, of 
water. This does not include the water lost in evaporation and waste. 
A wet season will require less water and a very dry season more. 
The usual irrigation will apply about two inches of water at one 
time, but the amount required may vary from one to several inches 
depending on the frequency of irrigation, the type of soil, the moisture 
content of the soil, the nature of the crop, and the amount of rainfall 
to be supplemented. A flow of one cubic foot of water per second, 
which is approximately 450 gallons of water per minute, will cover 
one acre to a depth of approximately one inch in one hour. 
The Irrigating Head. The flow of water used by a farmer in 
irrigating is known as the irrigating head. It is expressed in cubic 
feet per second, or in gallons per minute, of water. 
The best size of irrigating head for a particular farmer will be 
large enough to keep a good man occupied with irrigating and associ-
ated work, while at the same time not requiring a too large and 
expensive flow of water. Heads between one-half and two cubic feet 
per second are generally satisfactory. A good irrigator can handle 
much more water than a poor irrigator. The greater the care with 
which the land is smoothed or leveled (not necessary in hose, 
sprinkling, or spray irrigation), the better the devices for turning 
the water onto the land, the more porous the soil, and the flatter the 
slopes, the larger may be the irrigating head. The paragraphs im-
mediately following will be some guide in selecting an appropriate 
irrigating head for usual conditions. Conveyance losses are excluded. 
With furrows, an irrigator can ordinarily handle about one cubic 
foot of water per second, and will apply two inches of water to about 
four acres in eight hours. Much smaller irrigating heads may be 
used, but the irrigator then needs other nearby work to occupy his 
spare time. 
In flooding by the use of border checks, contour checks, level 
rectangular checks, and wild flooding, from one and one-half to several 
cubic feet of water per second may be handled by one man under 
average conditions. He will apply two inches of water over six or 
more acres in eight hours. It is difficult to flood with less than one 
and one-half cubic feet of water per second unless the checks are 
made smaller or the field ditches are spaced closer together than usual. 
Where pumps are used, and it is desirable to minimize labor, the 
pump capacity should be sufficient to furnish the heads mentioned 
above, plus water losses. Smaller pump capacities or irrigating heads 
make necessary the expenditure of more time and labor in applying 
the water. 
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With porous canvas hose, overhead spray, or rotary sprinkler 
systems, irrigating heads in extreme cases are as little as one-tenth 
cubic foot per second, and are usually less than one cubic foot per 
second. It is often desirable to have more than one man available 
for moving the equipment, these men applying two inches of water 
to from four-tenths acre to four acres in eight hours, and having 
spare time for other work. 
The Economic Size of Project. The following example will illus-
trate an economic plan to irrigate 160 acres by the furrow, row, or 
corrugation method. An irrigating head, or pump capacity, of one 
cubic foot per second will be used. This will apply two inches of water 
to eight acres in a sixteen-hour day or to 80 acres in ten days. Some 
authorities recommend two inches of water every seven days in 
extreme droughts, and this could be accomplished by 24-hour pumping. 
However, crops generally require only some six inches of water 
per season, which will irrigate 80 acres over some 30 sixteen-hour 
days scattered through the summer. No loss in conveying the water 
to the land has been allowed in these figures. The pumping plant and 
irrigating system will then be idle for the remainder of the se.ason. 
By diversification of the crops so that their need for water comes at 
different times, perhaps double the foregoing acreage, that is, 160 
acres, may be irrigated in 60 days of sixteen-hour pumping. Even 
more acres could be irrigated or greater depths of water could be 
applied by pumping more days or for 24-hour periods, and there would 
still be some time for moving and maintaining the equipment. 
It thus becomes apparent that if furrow irrigation is to be used, 
and if an irrigating head of one cubic foot per second is suitable 
for the project, maximum economy of cost and labor will result on a 
diversified project of some 160 acres, or more. 
By a similar line of reasoning, it will appear that for flooding, 
with an irrigating head of two cubic feet per second, a tract of the 
order of 320 acres or more will be a desirable size of project. 
For greatest economy where only smaller acreages and flows 
of water are available, irrigating heads of from one-tenth cubic foot 
per second upward may be indicated, and it is under such circum-
stances that porous hose, sprinkling, and furrows are most useful. 
However, the total cost, including labor, per acre for irrigating on 
these smaller projects will be greater than on the larger projects, 
unless labor is available for the smaller projects at little or no cost. 
In organizing the larger and more economical projects, it may 
not be necessary to limit the equipment to one farm, since a portable 
plant will serve several irrigators. 
VI. DISPOSAL OF EXCESS WATER 
Wastage of irrigation water will cost money and labor, and may 
cause poor drainage, erosion, or other damage. It is usual, but not 
the best, practice to allow a head of water to run through rows or 
borders and be wasted at the lower end of a field by running it into 
road-side ditches or elsewhere. 
Care in the handling of irrigation water can result in a saving 
of both water and labor. · A set way be made at "A" in Fig. rn and 
rows irrigated from lateral "D" down the slope toward lateral "E". 
The waste water is collected above lateral "E" and cut into it at "X". 
This excess water is used to irrigate additional rows at "B" and the 
excess water used at "C". The same practice may be applied in 
the case of borders or corrugations. 
By careful arrangement of fields and pastures the waste water 
from one portion of the farm may be economically applied elsewhere. 
In a few cases the field ditches for irrigation may be used sim-
ilarly to collect the run-off from heavy rainfall and dispose of it 
harmlessly, thus preventing erosion of valuable irrigated fields. 
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Courtesy of U. S. }farm Security Administr ation 
Fig. 19. Disposal of Excess Water. 
VII. COSTS AND PROFITS 
Since each supplemental irrigation development is highly indi-
vidualized, it is impossible to give generally applicable data on costs 
and profits. Each project must be planned and estimated separately. 
Cost of Pumping. Figure 20 shows the amount of fuel or the 
cost of electricity for pumping water to various heights sufficient to 
cover an acre to a depth of one inch, or what is known as an acre-inch 
of water. One acre-inch equals 3630 cubic feet or 27,154 gallons. 
Average and well-planned, but small-scale, pumping under Mis-
souri conditions in 1944 per acre-inch of water lifted 40 feet in 
height may cost about 15 cents for fixed charges, including interest, 
depreciation, taxes, and insurance; and 25 cents for operating cost, 
which includes the costs of fuel or power (Fig. 20), of repairs, and 
of the operator; or a total of about 40 cents (References 2, 23, 25, 
30, 32, and 38, and Figs. 20 and 21). This assumes about 1200 acre-
inches pumped per season. Individual projects will vary considerably 
in unit costs (costs per acre-inch) ; the more pumped the less the unit 
cost. Figure 21 shows this relationship. It should be noted that unit 
costs may be prohibitive for high lifts and for small amounts of water 
pumped per season, and that the slightly lower unit costs obtained 
with smaller pumps will be offset by greater labor costs for irrigating 
with small flows of water. 
If power is supplied by the regular farm tractor, the cost will 
be correspondingly decreased. 
The investment cost for pump, piping, etc., the cost for con-
veying the water, and the cost for applying it to the land are quite 
variable and not included in the foregoing costs. The fact that they 
usually become less per acre as the number of irrigated acres increases, 
indicates the advisability of irrigating larger areas. 
A modern electric motor and a 3- to 4-inch centrifugal pump for 
furnishing one cubic foot per second ( 450 gallons per minute) of 
water against usual pumping lifts (including the vertical lift, draw-
down, and all friction losses) will cost several hundred dollars, ex-
cluding wiring. A gasoline motor and pump will cost more, and a 
Diesel unit still more, although the latter will be more economical in 
fuel consumption and repairs if used for heavy pumping over many 
seasons. The Diesel is too expensive in first cost for limited pumping. 
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Of course, no original cost for the power unit will be incurred where 
the regular farm tractor is used. 
First cost, maintenance, and attendance are a minimum for the 
newer grease-lubricated, ball-bearing, built-in-motor-type pumping 
unit. 
When pumping is used, it is especially desirable to diversify the 
crops so that the demands for irrigation will occur at different times. 
This permits the pumping plant, pipe, and equipment to be operated 
over more days and minimizes the initial cost per acre and the charge 
per acre-inch of water for interest, depreciation, taxes, and insurance; 
or it may minimize rental charges for pump and pipe. 
Total Irrigating Costs. So far we have considered the cost of 
pumping only, not the total cost of irrigation. Much the larger part 
of irrigation expense is incurred in conveying and applying the water, 
and most of this is for labor which may not involve a cash outlay. 
The costs given subsequently are total irrigating costs, including 
pumping or other methods of securing the water. 
Reference 32 gives a total irrigating cost of $1.43 per acre-inch 
of water applied, including depreciation and interest on equipment, 
irrigating labor, and electrical power at two cents per kilowatt hour. 
These data were secured from irrigating ten acres of potatoes in 1932. 
The lift is not stated. 
Under 1944 prices it is probable that total irrigating costs for a 
40-foot lift will range from $1.50 upward per acre-inch of water 
applied, depending on the particular case and on the skill exercised in 
planning and operating the project. It may be reiterated here that 
lower costs will generally be obtained on the larger acreages, and 
that most of this expense is for labor. 
A more detailed statement of costs is given in the "Conclusions". 
Profits. Such references as 4, 6, 8, 9, 10, 16, 24, 38, and 39, 
g-ive actual cost and profit data for supplementary irrigation similar 
to those quoted later, but it is not often possible to find data that 
can be transferred with confidence to a new situation. Often these 
references include pictures of irrigated and unirrigated yields; a 
striking evidence of the benefits of irrigation. Costs and crop prices 
are both higher now than in the past. 
The following quotation from Reference 8 summarizes 30 years 
of experience in western Oregon, where the summer rl:l.infall is less 
than that of Missouri, and gives the average net profit for many trials 
covering ten crops over a thirty-year period. The projects were 
reasonably well-chosen, well-planned, and well-operated. 
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Courtesy of U. S. Farm Security Administration 
Fig. 20. Pumping Costs. 
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A POWER REQUIREMENT CHART FOR PUMPING 
By means of this chart it is possible to determine power requirements, 
fuel consumption, and electrical energy costs at various pumping plant effi-
ciencies and at various lifts. 
At "A" at the upper left is the scale of lifts from O to 80 feet. The lift 
must include not only static head but friction and velocity heads as well. 
At "B", upper center, overall plant efficiencies are represented. Over-
all efficiencies of small, irrigation pumping plants run from 40% to 60%. 
On the line X-X' is shown horse power values when pumping 1000 gal-
lons per minute. 
In the center of the chart, at "c", the fuel consumption of various types 
of engines is represented. 
The approximate number of horse power hour::. developed per gallon 
of fuel for various types of engines is given below: 
Type of Engine 
Gasoline engines in poor repair 
Gasoline engines in good repair 
Horse Power Hours 
Per Gallon of Fuel 
6 to 7 
Engines using fuel, oil, semi-Diesel, etc. 
High speed Diesel 
8 to 9-1/ 2 
9 to 11 
11 to 14.5 
At the lower part of the chart "E" is given the power cost in cents per 
acre-inch of water pumped at various rates in cents per kilowatt hour. 
The line Y- Y' at the bottom of the chart represents the power required 
in kilowatts, when pumping 1000 gallons per minute. 
Use of the Chart 
The use of the chart is shown by the following example: 
The lift of a given irrigation pump is 45 feet; the overall efficiency of the plant 
is estimated at 50%. What will be the horse power required to pump 1000 gal-
lons per minute? How many gallons of fuel will be required to pump an acre-
inch of water, using fuel oil in an engine other than Diesel? What would be the 
cost in cents per acre-inch, using electricity at 2¢ per kilowatt? 
Starting at the upper left hand margin locate the lift, 45 feet at point" A". 
Follow to the right until the 50% efficiency line is intersected at point "B". 
From the point "B" follow downward until the line X-X' is intersected. 
It will be noted that 23 horse power is required to pump 1000 gallons per minute . 
Continue downward until the line representing 10 horse power hours per gallon 
is intersected at "C". From the point "C" follow to the left to the point "D" 
which shows that 1.0 gallon of fuel will be required to pump an acre-inch of 
water . 
If the cost in c~nts per acre-inch is required, with electrical energy 
costing 2¢ per l<llowatt hour, follow downward from point "C" to point "E" 
on the diagonal line showing 2¢ cost. From point "E" follow to the left to point 
"F" which shows the cost of pumping one acre-inch of water under the given 
conditions to be 15 cents. 
If the electrical load is required, follow downward from "E" to point 
"G" which shows a value of 17 +. 
If lifts other than those shown are to be used, certain allowances must 
be made. If values for a 100 foot lift are desired, those given for a 50 foot 
lift may be doubled, etc. · 
Fig. 20 Continued. 
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6 o 1-----e'+-++-+--1------ These typical data, adapted from Reference 2, 
are based on the better plants in central California 
before 1933. Costs include fixed charges, power, and 
attendance; and lifts include drawdown. 
I 
(__) 
2 
I 50 w 1-----t---'l------------t-- As an example, following the dashed line upward and to the left, 1800 acre-inches 
per season pumped to a height of fifty feet, 
withapumpcapacity of one cubicfootpersec-
ond, cost 32 cents per acre-inch. 
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40 1--..+----.-"1-------t,-;~~._...------+- Estimates for a particular pro-
ject should be made for that project, not 
taken from this figure 
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Fig. 21. Pumping Costs as Affected by Various Factors. 
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"The study of supplemental irrigation on sub-humid lands over a 
30-year period leads to the conviction that light irrigation would be 
valuable drought insurance throughout much of the so-called humid and 
sub-humid areas of the country. 
"Water lifted 25 feet has netted a profit of $1.50 for each acre-inch 
or each dollar of total annual cost." 
Under the cheaper prices of the past and generally favorable 
conditions, the total cost of irrigating in Oregon was about $1.00 per 
acre-inch of water applied. 
A few cases of controlled experiments by the Tennessee Valley 
Authority (Reference 10) are quoted below as illustrating recent, 
although limited, experience in a region with a rainfall heavier than 
that of Missouri. 
"Snap Beans-1938 
Total 
Inches Variety 
and 
Treatment 
Water Yield in Pounds 
Applied 10/3 10/7 10/13 10/18 
Asgrow Black 4.6 
Valentine, 
Irrigated 
As. Bl. Val., 
Unirrig-ated 
As. Stringless, 4.6 
Irrigated 
As. Stringless, 
Unirrigated 
6.75 30.5 56.0 17.0 
2.0 14.5 35.5 9.0 
9.0 15.5 31.5 15.0 
4.0 9.5 28.5 16.5 
Yield 
Lbs. 
110.25 
61.0 
71.0 
58.5 
Market 
Bushels Price Value 
Per Per Crop 
Acre Bushel Per Acre 
293.6 $1.00 $293.40 
162.4 $1.00 $162.40 
188.8 $1.00 $188.80 
136.0 $1.00 $136.00 
"Comparison of Irrigated and Unirrigated Turnips and Spinach-1940 
Cost of Net 
Crop and Acres Crop Cost of Total Net Returns Irrigation Returns 
Treatment Grown Value Harvesting Returns Per Acre Per Acre Per Acre 
Turnips, 1.7 $336.00 $168.00 
Irrigated 
$168.00 $98.80 $4.80 $94.00 
Turnips, 0.2 4.00 2.00 2.00 10.00 10.00 
Unirrigated 
Spinach, 4.0 161.70 69.30 92.40 23.10 4.80 18.30 
Irrigated 
Spinach, 0.5 
Unirrigated 
No spinach worth harvesting. None 
"The cost of irrigation in the above table includes actual labor, 
depreciation on equipment, and interest on investment. The irrigated 
crops, because of the increased growth due to added moisture, were 
harvested earlier and were placed on the market while prices were highest. 
The unirrigated crops made very little growth before frost set in. 
"Comparison of Irrigated and Unirrigated Irish Potatoes-1940 
Acres Total Returns Cost of Irriga- Net Returns 
Treatment Grown Returns Per Acre tion Per Acre Per Acre 
Irrigated 
Unirrigated 
0.55 
0.11 
$130.27 
14.59 
$240.00 
132.64 
$11.10 $228.90 
132.64 
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"The 1941 growing season m tne Tenne·ssee Valley was unusual in 
that two very severe droughts occurred, one during the spring months 
followed by heavy rains in July, and the other during August which 
continued through the entire fall. 
"Comparison of Irrigated and Nonirrigated Sweet Potatoes-1941 
Irrigating Return Per 
Acres Yield Return Cost Acre Less 
Treatment Grown Per Acre Per Acre Per Acre Irrigation Cost 
Irrigated 1 266.6 bu. 
Nonirrig ated 2 50 bu. 
"Irrigated versus Nonirrigated 
Irish Potatoes 
Acreage 
Yield (bushels) 
Yield Per Acre 
(bushels) 
Unit Price 
Gross Return 
Gross Return 
Per Acre 
Irrigating Cost 
Per Acre 
Net Retur)l Per Acre 
Less Cost o-f Ir-
rigating 
Non-
Irrigated irrigated 
0.50 
136. 
272. 
$0.90 
$122.40 
$244.80 
$13.16 
$231.64 
0.05 
11. 
220. 
$0.90 
$9.90 
$198.00 
$198.00 
$266.60 $8.86 $257.74 
50.00 50.00 
Truck Crops-1941 
Tomatoes 
Non-
Irrigated irrigated 
0.35 0.04 
3075 (lb.) 432 (lb.) 
8785 (lb.) 10,800 (lb.) 
$0.025 
$76.78 
$218.62 
$14.28 
$0.025 
$10.80 
$270.00 
$204.34 $270.00 
Sweet Potatoes 
Non-
Irrigated irrigated 
0.25 
73.29 
293 
$1.00 
$73.29 
$293.00 
$13.22 
$279.78 
0.036 
5.41 
150 
$1.00 
$5.41 
$150.00 
$150.00 
"Results of Irrigated Pasture on Burton Farm-1941 
"Approximately 23 acres of pasture seeded with a mixture of Ladino 
clover and Balboa rye grass was irrigated during the 1941 season. A 
2-acre plot was fenced off across one end of the field. This plot was not 
irrigated and was used as a check against the irrigated pasture. The 
seeding and management of the two plots were the same. The. pasture 
season was extremely dry and all the vegetation on the 2-acre check plot 
died out and furnished no pasture at all. The table gives the results 
obtained from the irrigated plot. 
Total no. of cow pasture days .... 8387 Total value of pasture ........ $848. 70 
Length of pasture season (days) .. 210 Cost of irrigating ........ . ... $248.34 
Aver. no. cows pastured per acre .. 1.73 
Aver. no. cows pastured ........ 39.80 Net value of pasture .......... $600.36 
Value of one cow pasture day .. $ 0.10 Net value of pasture per acre .. $ 26.10 
"The amount of 10 cents per cow pasture day as used in the preceding 
table was taken as the cost of additional feed which the cow would have 
required if she had not been on pasture. The rotation method of grazing 
was used on all of these pastures, and the forage was not grazed shorter 
than 1.5 to 2 inches." 
It must be emphasized that supplemental irrigation will not be 
permanently profitable if undertaken in a half-hearted manner. It 
must be carefully planned and operated as a regular permanent activ-
ity-not as an emergency operation during a spectacular drought 
period. 
VIII. ORGANIZATION FOR IRRIGATION DEVELOPMENT 
Cooperation and Advice. Successful irrigation throughout the 
arid West has involved blocks of land of from several thousand to 
over a million acres. In most cases the development has been super-
vised by federal or state governments, or by large private corpora-
tions, and the whole undertaking, including the actual irrigating and 
farming, has naturally attained the efficiency which characterizes 
larger enterprises. On the contrary, supplemental irrigation in Mis-
souri will comprise relatively small isolated areas; nevertheless, it 
will be essential to develop similar efficiencies. Under these condi-
tions it is also essential that the group action characteristic of older 
successful irrigated districts be encouraged in Missouri so that these 
cooperative practices may be established here, and extended and 
modified to fit the local situation. 
The individual farmer must have advice, since he is not skilled 
in the complexities of planning necessary for modern irrigation, since 
he will attempt to economize too much in the first cost of installation 
and in the operation of irrigating, since he may not put in the crop 
so that it can be quickly and properly irrigated, and since he is likely 
to abandon irrigation if a few years of satisfactory rainfall occur. 
Irrigation once abandoned, the next dry spell finds the irrigator un-
prepared. 
A Single Plant for Several Farms. In cases where portable pump-
ing plants are practicable, a group of farmers may own such a plant, 
as well as the necessary portable pipe, and may arrange among them-
selves for the irrigation of such parts of their farms as may be 
agreed upon. 
Alternatively, a farmer or a well-drilling contractor may secure 
this equipment and rent it to others, preferably operating the plant 
and directing the distribution of the water because of his experience 
in these matters. This is analogous to present rental practices with 
tractors, combines, and other farm machinery. 
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Promotion. It is expected that in some cases a promoter will 
control large tracts of land which he will sub-divide and sell in smaller 
tracts, including an agreement to provide water under certain con-
ditions. This procedure is a common one on large projects in arid 
regions. 
Since pump, pipe, and hose companies will be interested in sell-
ing their equipment, and power companies in, selling power, they 
doubtless will be interested in developing supplemental irrigation. 
Subsidies. It is possible that subsidies for supplemental irriga-
tion may become available from state and federal agencies, including 
the proposed Missouri Valley Authority. The availability of com-
petent advice and the establishment of experimental and demonstra-
tion plots under such auspices are "musts" for successful irrigation. 
General Requirements. Until there are adopted in humid and 
sub-humid regions, including Missouri, the organization practices and 
development procedures that brought results in arid regions, it will 
be difficult to establish irrigation on a large-scale and successful basis 
in Missouri. 
IX. CONCLUSIONS 
Most of the conclusions may be inferred from the preceding pages 
of this bulletin, but a brief summary is presented here. 
Supplemental irrigation has been practiced satisfactori1y in 
various portions of the United States since 1900, and the procedure_s 
and techniques have been developed sufficiently to · justify expansion 
and to ensure corresponding results in Missouri and regions of similar 
rainfall. Vegetables and truck crops, orchards, small fruits, corn, 
alfalfa, clover, and special crops all give promise of profit under proper 
irrigation and market conditions. Rice must be raised in standing 
water. 
Irrigation in Missouri should be viewed partly as insurance 
against droughts and partly as a method of increasing the yield and 
value of crops. It will provide postwar employment and a self-
liquidating type of investment. 
Advantages. The ten points previously enumerated on page 9 
make irrigation in Missouri more promising than in the past. 
Missouri possesses a competitive advantage for irrigation over 
many western arid regions because rainfall supplies most of the 
needed water; because water-right, water-table, and drainage prob-
lems are at a minimum; because the country is settled and developed; 
and because it has larger and closer markets. 
Requirements. Supplemental irrigation should be used only on 
good soil, with proper slopes, with good drainage, and with a reason- · 
able irrigating cost. It should also be directed toward satisfactory 
markets, performed under experienced direction, and installed perma-
nently. It does not pay to irrigate for a dry year or two and then 
abandon the plan because of inadequate planning or because of a few 
vears of relatively satisfactory rainfall. 
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It is necessary that controlled experiments and demonstrations 
be established in Missouri and continued without interruption over 
wet and dry years sufficiently to accumulate local data for irrigation 
and to demonstrate good practices. A program similar to that de-
scribed in Reference 8 will suffice. 
The advancement of supplemental irrigation will best be ac-
complished through the interest and efforts of groups and organiza-
tions, as has been the case in most older successful irrigation 
developments, rather than by individuals. Modified organizational 
procedures that will give benefits comparable to those that have been 
realized in arid regions must be established in humid and sub-humid 
regions. 
Costs. As has been stated, each project must be planned and 
estimated individually, and consequently it is impossible to give cost 
figures that will suit a particular project. However, the following 
will furnish a rough idea of the costs of irrigation to those not 
familiar with such practices. It must be reiterated that costs per 
acre are generally much higher on small areas than on large areas. 
Most of the total cost of irrigating is for labor and may not 
require a cash outlay. 
The average original cost of installing supplemental irrigation 
on a well-planned project in Missouri may be in the neighborhood of 
$20 per acre. About half of this investment cost is for securing the 
water and the other half for conveying it and for leveling the land. 
If the water is furnished by a contractor, who provides the pump 
and piping equipment for a rental charge, the original cost to the 
owner may be cut in half. 
The annual cost of keeping the irrigation installation "rea<ly to 
serve", whether used or not, consists of interest, depreciation, repairs, 
insurance, and taxes of about 12 percent annually of the original cost, 
or slightly more than $2 per acre per year. This may be considered 
in the nature of an "insurance premium" for protection against 
droughts. 
Each year that irrigation is used, and this will be most years for 
most crops, the total cost for each acre, including the annual costs 
of the preceding paragraph, may be from $6 (for 4 acre-inches of 
water at $1.50 each) to $12 (for 6 acre-inches of water at $2.00 each). 
Irrigation costs throughout much of the arid West are several 
times greater than those for Missouri. Furthermore, land values and 
taxes are correspondingly higher. 
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Larger Acreages Desirable. Larger acreages will generally cost 
less per acre for irrigating than will smaller acreages. Because of 
the greater community interest in common problems among more 
people on larger projects, these larger acreages generally will pro-
duce more marketable and more profitable crops. Smaller acreages 
may be irrigated profitably under special conditions and by careful 
planning. 
Competent Advice Necessary. The irrigating head, the capacity 
of the pump and the distributing system, economy of pumping, the 
economical use of labor for irrigation, the amount of acreage to be 
irrigated, and the diversification of crops must conform to a balanced 
plan if a :i:iarticular project is to furnish economical irrigation. The 
interest of organized groups is necessary. This type of informed pro-
cedure has nearly always been the basis for successful irrigation. 
Otherwise, the irrigation may be abandoned, with consequent loss 
and dissatisfaction, as has happened often before in the older irrigated 
districts. 
Many questions arise in the mind of one contemplating irrigation 
for the first time. Competent advice must be secured before any 
extensive development is started. Irrigation is undertaken to secure 
a profit, and poor planning or operation will reduce profits, some-
times to the vanishing point. Irrigation practices are now standard-
ized and established. Permanent and satisfactory results cannot be 
secured by hap-hazard, unplanned, and temporary developments. 
APPENDIX 
Major Summer Droughts in Missouri from 1870 to 1930 Inclusive 
A consideration of the data in this Appendix on major summer 
droughts and crop yields and of that on normal summer dry spells in 
Table I on page 8 will indicate the distribution of rainfall over many 
years. It should aid in deciding what crops, and what varieties, will 
benefit most from irrigation. 
The subsequent quotation describing severe summer droughts in Mis-
souri is extracted from the Annual Summary of Climatological Data, U. S. 
Department of Agriculture, Weather Bureau, Missouri Section, for 1930, 
Vol. 34, No. 13, pages 54-55. 
The quotation does not include those dry years since 1930, notably 
1934, 1936, and 1944. In interpreting the following tabulation one should 
note that the figures are averages and that half of the State consequently 
received less than these amounts. Because there is often extreme variation 
in the rainfall throughout Missouri, these figures do not show conditions 
in the worst districts. It should be further noted that several dry years 
often occur close together, thus placing an unusual strain on the farmer. 
To the rainfall data in Table II two columns showing the annual 
percentage yields per acre of Missouri's major irrigable crops have been 
added at the right of the tabulation. The figures show the drought yield 
as a percentage of the yield of a good, but not the best, year. They are 
taken from the Bulletin, Missouri Department of Agriculture, Vol. 40, 
December 31, 1942. Where dry years are not accompanied by poor yields, 
it will be found that adequate rainfall occurred during the critical grow-
ing period. Again, these are averages for the State, and half of the 
farms produced less. Irrigation should increase these yields consider-
ably above the 100 percent figure. 
"For a more detailed comparison the percentages of normal rainfall 
for March to May, June, July, and August in Missouri for all droughts 
back to 1870 are presented for review: 
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[TABLE II. PERCENTAGES OF NORMAL RAINFALL AND OF GOOD CROP YIELDS] 
Year Rainfall [Annual Crop Yields] 
All Tame 
March to May June July August Corn Hay 
1930 59 78 24 55 60 70 
1918 108 67 42 89 65 70 
1916 98 143 30 105 65 105 
1914 64 48 67 114 75 50 
1913 94 53 78 28 60 50 
1911 73 37 100 110 85 45 
1901 70 43 50 50 35 40 
1894 88 80 62 41 80 70 
1890 80 54 74 135 90 90 
1887 78 91 58 89 70 90 
1886 76 108 34 72 75 90 
1881 80 114 38 42 45 95 
1874 87 60 63 64 45 85 
1873 103 88 62 45 65 90 
1871 62 70 103 91 105 90 
1870 58 34 64 189 95 70 
"In 1930, state-wide and severe, but less severe in extreme southwest 
and in much of the northwest section. July and August combined brought 
the driest 80-day period since the same period in 1881. 
"In 1918, all State, June to first part of August, but only severe in 
July, materially reducing the corn yield. 
"In 1916, confined to July and first part of August, most of State; 
modified northern half but continued southern half State through August. 
"In 1914, May to mid-August, but not markedly severe except on some 
of the higher lands. 
"In 1913, severe and general latter part of April to mid-September 
but with considerable relief in July. The hay crop suffered the most. 
"In 1911, May 9th to July 11th, excessive heat and severe drought 
most of the State. Rain came in time to save the corn. 
"In 1901, state-wide and severe; the outstanding drought and heat of 
record and perhaps of a century or more. Drought began December, 1900, 
and continued through to September, 1901; 26 inches of water in 13 
months. Nearly total failures of all crops except wheat. 
"In 1894, July to August northern and central sections; July along 
the western border and generally south of the Missouri River; and June 
to November in most of the Ozark plateau and southeastern lowlands. 
"In 1890, local drought spring to July; severe only over rather a 
limited area across the central part of the State from west to east. 
"In 1887, quite general but severe only during July, resulting in the 
usual marked reduction in corn yields. 
"In 1886, general and rather severe in July and August, affecting the 
corn yields especially on the higher lands; the main bottom lands did 
not suffer much. 
"In 1874, the cut in the State corn yields indicated that this drought 
was severe June, July and through August; embracing practically all State 
July and August. 
"In 1873, rather local and during July over western section and 
during August over all eastern parts. 
"In 1871, general and severe spring drought. July rain saved the 
corn crop. July and October the only months with normal or above 
rainfall. Steadily dry year, total only 29.52 inches, next driest year to 1901. 
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"In 1870, January to July seven months brought only 50 per cent of 
the normal rainfall. Splendid rains coming early in August saved the 
corn crop. The year was dry, total yearly amount 30.44, the third driest 
year of record, August and October being the only two months with 
good rains." 
A Dry Year 
A picture of MiRsouri in a dry year is here extracted from the 
July, 1930, Climatological Data for Missouri of the United States 
Weather Bureau: 
"Severe heat and drought were the outstanding features of July, 
1930, over every part of Missouri. 
"At the close of July the total rainfall for the crop season, beginning 
with April, was only 10.26 inches, about 60% of the normal. Only one 
station, Joplin, in the extreme southwest, received more than three 
inches as monthly total; and but 11 stations got two inches or more, while 
33 stations had 0.50 inch or less, and two stations, Lucerne and St. Charles, 
received but a trace for the entire month. 
"Grain crops harvested before July gave good yields. Hay was 
short. At the end of July the corn crop was nearly a total failure, as 
well as meadows, pastures, and most forage. Cowpeas and soybeans were 
holding up. Apples and grapes were deteriorating rapidly. Forest trees 
were dying. Wells and creeks were dry, and the main rivers were as low 
as ever known. Many localities were suffering because of the lack of 
water for domestic and livestock purposes." 
Climatic Cycles 
Much thought has been given to the interesting question of cycles 
of wet and dry years, but as yet meteorologists are unwilling to 
predict the future from such studies. It is reiterated that irrigation 
must be undertaken on a long-time basis, and that the possible future 
occurrence of several years of fairly satisfactory rainfall should not 
control the decision to install irrigation facilities. 
GLOSSARY 
Units of Measurement 
A gallon of water coptains 231 cubic inches and weighs 8.35 pounds. 
A cubic foot of water contains 7.48 gallons and weighs 62.5 pounds. 
An acre-foot of water is the amount necessary to form a layer of water 
one foot deep over one acre. It is equal to 43,560 cubic feet, or 326,000 
ga llons. 
An acre-inch equals ½ 2 of an acre-foot. It is equal to 3630 cubic feet, 
or 27,154 gallons. 
One pound of pressure is created by a column of water 2.3 feet high. As 
an example, if the pressure gauge on a pump reads 10 pounds, then the 
pump is working against friction and lifting equivalent to a straight 
vertical lift of 23 feet of water. 
Flow.s of Water 
One cubic foot per second equals 450 gallons per minute or 0.646 million 
gallons per 24 hours. 
One cubic foo t per second, or 450 gallons per minute, will furnish one 
acre-inch per hour; that is, it will cover one acre to a depth of one inch 
in one hour. 
Pump and Electric Motor Calculations 
Theoretical Water Horse-
power of a Pump 
Gallons per Minute X Pressure at Pump in Feet 
3960 
Actual Horsepower Applied to Pump = Theoretical Horsepower 
Pump Efficiency 
K 'l 1 Gallons per Minute X Pressure at Pump in Feet 
i owatt nput = X p Effi · X M t Effi · 5308 ump c1ency o or c1ency 
One acre-inch of water lifted one foot requires approximately one-sixth 
kilowatt hours of electrical energy. An average pump and motor efficiency 
of 50 per cent is assumed. 
One horsepower = 746 watts. 
One kilowatt = one and one-third horsepower. 
One kilowatt = 1000 watts. 
Single-stage centrifugal pumps under ordinary conditions vary in efficiency 
from 50 to 80 per cent. These figures should be expressed as decimals 
from 0.50 to 0.80 when they a re used in the foregoing formulas. F01.-
belt-driven pumps, add 5 to 10 per cent to the actual power requirements 
to provide for belt slippage. 
SELECTED AND ANNOTATED REFERENCES 
(largely published in the last ten years) 
General 
1. Practical Information for Beginners in Irrigation, by Samuel Fortier. 
U. S. Department of Agriculture, Farmers' Bulletin No. 864, Sep-
tember, 1917. 
This bulletin contains suggestions for assisting such farmers to 
master the details of preparing land for irrigation, laying out and 
building farm ditches, and handling the water supply so as to assure 
the best results. Although old, this bulletin is still useful. 
2. Irrigation Practice and Engineering, Vol. I, by B. A. Etcheverry and 
S. T. Harding. Second Edition, McGraw Hill Book Company, 1933. 
This is one of a three-volume set of authoritative books which com-
pletely cover the subject. Although now somewhat old and applicable 
largely to California conditions, the detailed discussion of fundamentals 
and practical details is unexcelled. 
3. Supplemental Irrigation in Humid Regions, by F. E. Staebner. Agri-
cultural Engineering, Vol. 18, pp. 165-8 and 170, April, 1937. 
Statistical review of irrigated acreage in humid regions of the 
United States. Included are irrigation results, surface irrigation, 
orchard irrigation by means of eyelet hose, and adaptation of ·practice 
to meet special conditions. 
4. Electric Power for Irrigation in Humid Regions, by the Committee 
on the Relation of Electricity to Agriculture, Chicago. Bulletin, 
Vol. 7, July, 1937. 
A summary of crops responding to supplemental irrigation in humid 
areas, chief advantages of supplemental irrigation, methods of irrigation, 
types of pumps, electric motors, pertinent results, and bibliography. 
5. Supplemental Irrigation on the Atlantic Coast, by F. E. Staebner. 
Agricultural Engineering, Vol. 20, pp. 271-2 and 276, July, 1939. 
Brief survey of present status of supplementary irrigation in Eastern 
United States, and derivation of precipitation and irrigation indexes. 
6. Supplemental Irrigation in Missouri, by R. P. Beasley. University of 
Missouri Agricultural Experiment Station, Bulletin No. 410, August, 
1939. 
This bulletin describes in some detail most of the supplemental 
irrigation in Missouri in 1938, and provides useful comments and advice. 
It must be remembered that these irrigators pioneered as individuals 
without organized assistance and consequently could not secure the 
best results. 
7. Determining Index of Supplemental Irrigation and Its Application, 
by F. E . Staebner. Agricultural Engineering, Vol. 21, pp. 215-7, 
June, 1940. 
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Outline of methods developed by the Soil Conservation Service for 
determining irrigation needs in Michigan on the basis of normal rain-
fall and severity of drought. 
8. Thirty Years of Supplemental Irrigation Studies, by W. L. Powers. 
Agricultural Engineering, Vol. 21, pp. 311-2, August, 1940. 
Review of practice of supplemental irrigation in that part of western 
Oregon where annual rainfall is from 38 inches upward while rainfall 
for the three summer months is under two inches. Mr. Powers gives a 
more detailed, but earlier, statement in the Oregon State College Agri-
cultural Experiment Station, Bulletin No. 302, June, 1932. 
9. Supplemental Irrigation, by F. E. Staebner. U. S. Department of 
Agriculture, Farmers' Bulletin No. 1846, October, 1940. 
This bulletin supersedes Farmers' Bulletin No. 1529, Spray Irriga-
tion in the Eastern States, and No. 1635, Surface Irrigation in the 
Eastern States, and includes material on sub-irrigation and the new 
type of portable sprinkling irrigation. 
10. Truck and Pasture Irrigation. Tennessee Valley Authority, Commerce 
Department, Agricultural Engineering Development Division, Progress 
Report No. 1, January, 1941; and Progress Report No. 2, January, 1942. 
In · the Tennessee Valley the yearly rainfall is approximately 50 
inches. However, it is often unevenly distributed, resulting in periods 
of drought during the growing season, a condition which greatly reduces 
the crop yield. In fact, this damage of drought may be · so serious as 
to result in the loss of an entire season's labor expended for preparing 
the seedbed, setting the plants, cultivation, and money spent for fertilizer 
and seed. Included il) the Reports are descriptions of the cost of 
irrigating and of the returns per acre on irrigated and unirrigated test 
fields of turnips, spinach, beans, Irish potatoes, sweet potatoes, tomatoes, 
and pasture. 
11. Farm Ponds in Missouri, by Marion W. Clark. University of Missouri 
Agricultural Extension Service, Circular No. 482, January, 1943. 
Methods of constructing and using ponds, including brief statement 
of use for irrigation. 
12. Multiple Purpose Farm Ponds. Missouri Conservation Commission, 
Bulletin No. 15, September, 1943. 
Methods of constructing and using ponds. 
13. Handbook of Water Control. California Corrugated Culvert Company, 
Berkeley and Los Angeles, California, 1943. 
A portion of this recent book is devoted to developing, conveying, 
and applying water for irrigation, especially by the sprinkling method 
and by portable pipes. 
J 4. Land Development for Irrigation. U. S. Department of Agriculture, 
Farm Security Administration, Denver, Colorado, 1945. 
This forthcoming publication should give the latest practice. 
See also references 17, 24, and 35. 
Special Crops 
15. Irrigation of Vegetable Crops. Gardener Chronicle (London), Vol. 97, 
p. 389, January 15, 1935. 
A brief summary of British practice. 
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16. Influence of Irrigation on Important Small Fruits, by W. S. Brown. 
Oregon Agricultural Experimental Station, Bulletin No . .'?47, pp. 1-37, 
June, 1936. 
This bulletin gives results of a 10-year experiment with logan-
berries, evergreen blackberries, red raspberries, black raspberries, and 
strawberries as to yields, quality, costs of production and harvesting, 
gross income, and net profits. Conducted in the Willamette Valley, 
Oregon, where the average rainfall for five summer months is six inches. 
17. Farmers' Irrigation Guide. U. S. Reclamation Bureau, Conservation 
Bulletin No. 2, 1939. 
Eight excellent rules to follow in actually irrigating a farm. They 
pertain to soils and grading, replacing plant food, controlling water flow, 
determining moisture of the soil, growing of leguminous crops, rotatmg 
crops, anchoring soil against wind, and experimenting on small plots 
of ground. 
18. Irrigation Practices in Growing Alfalfa. U. S. Department of Agri-
culture, Farmers' Bulletin No. 1630, 1940. 
A discussion of the type of irrigation suitable for the growing of 
alfalfa. This bulletin is a revision of Farmers' Bulletin No. 865, Irriga-
tion of Alfalfa. 
L9. Orchard Irrigation. U. S. Department of Agriculture, Farmers' Bul-
letin No. 1518, 1940. 
The profits from an irrigated orchard are dependent upon a uniform 
distribution of water on the surface and a proper control of soil moisture 
from the root zone of the trees. Many failures are directly traceable 
to insufficiency of water supply or the manner in which it is controlled 
and distributed. This bulletin is a revision of Farmers' Bulletin No. 882, 
Irrigation of Orchards. 
20. Irrigation of Small Grain. U. S. Department of Agriculture, Farmers' 
Bulletin No. 1556, 1940. 
Methods of wild flooding, the border and corrugation methods in 
irrigating small grain, . are discussed in this bulletin, as are also the 
preparation of the land for irrigation, the proper time to apply the water, 
and the quantity of water required. This bulletin is a revision of 
Farmers' Bulletin No. 863, Irrigation of Grain. 
See also references 4, 6, 8, 9, 10, and 24. 
Pumping 
21. Pumping from Wells for Irrigation, by Paul A. Ewing, revised by 
Carl Rohwer. U. S. · Department of Agriculture, Farmers' Bulletin 
No. 1404, May, 1934, reprinted 1938. 
The · purpose of this bulletin is to guide aright those interested in 
p1,1mping from wells for irrigation by making available the most essential 
details pertaining to well construction and the selection, installation, 
and operation of pumping plants. Now superseded by Reference 25. 
22. Drought Hazard in Arizona Overcome in Irrigation Project with 
Pumps, by R. Hornberger. Western City, Vol. 12, pp. 15-6 and 45-6, 
August, 1936. 
Installation of 80 deep-well-turbine pump units on the San Carlos 
Project of U. S. Indian Irrigation Service, near Coolidge. Purchase of 
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pumps, pump specifications, efficiency evaluation, shop and field tests. 
pump houses and controls, and installation results are discussed. 
23. Equipping a Small Irrigation Pumping Plant, by W. E. Code. Colo-
rado Agricultural Experiment Station, Bulletin No. 433, Septem-
ber, 1936. 
A fairly thorough discussion of the design of the pumping plant 
including gasoline, Diesel, and electric power; power drives; suction 
pumping; and discharge. Examples are given. 
24. Irrigation by Pumping from Wells, by H. W. Gerlach. Iowa State 
Horticultural Society, Transactions, Vol. 72, pp. 360-2, 1937. 
This reference and additional articles on pages 304, 357-9 deal with 
pumping water and with growing cantaloupes, tomatoes, strawberries, 
and other crops under irrigation in Iowa. Experience with a homemade 
porous-hose installation and with sprinkling are described. 
25. Small Irrigation Pumping Plants, by Carl Rohwer and M. R. Lewis. 
U. S. Department of Agriculture, Farmers' Bulletin No. 1857, Decem-
ber, 1940. 
Throughout the United States are many farms which could be 
irrigated by pumping from either ponds, streams, or farm wells. This 
bulletin is intended to furnish owners or operators of such farms with 
information that will give costs and enable them to determine whether 
soil and water suitable for irrigation are available and what kind of 
irrigation plant and equipment will be most satisfactory for the purpose. 
This bulletin supersedes Farmers' Bulletin No. 1404, Pumping from 
Wells and Irrigation. 
26. Diesel Irrigation. by W. H. Fullerton. Diesel Progress, Vol. 7, pp. 30-1, 
April, 1941. 
Illustrated description of pumping equipment installed near Duncan, 
Arizona. Eight engines include four different models of Cummins Diesels. 
All pumps are Johnston turbines equipped with Johnson gear head. 
27. Putting Down and Developing Wells for Irrigation. by Carl Rohwer. 
U. S. Department of Agriculture, Circular No. 546, February, 1940, 
slightly revised March, 1941. 
Large quantities of water are stored beneath the surface of the 
ground in layers of saturated sand and gravel. The most feasible method 
of recovering this water is by pumping from wells, and for this purpose 
wells capable of supplying large quantities of water at a reasonable cost 
are required. This bulletin furnishes comprehensive information con-
cerning these wells. 
28. Gas Engines as Citrus Insurance, by J. Medford. Diesel Progress, 
Vol. 8, p. 53, August, 1942. 
Experience of Etiwanda Water Company, California, in providing 
emergency water supply for orange growers. Deep well pumping by 
Washington gas engines offered the solution to a serious problem. 
29. Antelope Valley Farmers Profit from Irrigation. by M. D. Pugh. 
Diesel Power, Vol. 21, pp. 713-4, August, 1943. 
Less than one-third of the valley is under cultivation. At the 
present tiJ'.!le there are about 60 Diesel powered pumping plants in the 
valley. Diesels are largely of the slow speed type for the most part 
being single-cylinder units of 60 to 75 horse po~er and are found 
sufficient for irrigating an average of 80 acres. ' 
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80. Design and Operation of Small Irrigation Pumping Plants, by Carl 
Rohwer. U. S. Department of Agriculture, Circular No. 678, Oc-
tober, 1943. 
This bulletin is intended to furnish information necessary in keeping 
small irrigation pumping plants, indispensable during the present 
emergency, operating at high efficiency. 
See also references 2, 4, 13, 36, and 38. 
Surface Irrigation 
31. The Corrugation Method of Irrigation, U. S. Department of Agricul-
ture. Farmer1/ Bulletin No. 1348, revised October, 1931. 
The corrugation method of irrigation is more adapted for applica-
tion of water t o steep or irregular slopes, or where the family is required 
to use a small stream of water, or for new land which has not yet been 
thoroughly prepared for irrigation. It may sometimes be used to aid 
in conjunction with the border method of irrigation as a means of 
spreading water evenly over the border strip. This bulletin describes 
the most approved practices to be followed when the corrugation method 
is employed and points out its advantages and limitations. Though old, 
this bulletin is still useful. 
R2. Porous Hose Irrigation, by 0. E. Robey. Michigan State College Ex-
tension Division, Bulletin No. 133, July, 1933. 
This is a discussion of the need for irrigation in Michigan, the use 
of porous hose for distributing the water, the improved quality and 
quantity of crops, the selection of pumps and equipment, and the cost 
of irrigating. It appears to have been applied on areas of ten acres 
or less. 
33. Development of Porous Hose Method of Irrigation in Michigan, by 
0. E. Robey. Agricultural Engineering, Vol. 15, pp, 382-3, August, 
1934. 
Distribution of irrigation water by means of porous canvas pipe 
2½ inches in diameter laid along the center row of truck gardens. 
34. The Border Method of Irrigation, by Samuel Fortier. U. S. Depart-
ment of Agriculture, Farmers' Bulletin No. 1243, revised October, 1937. 
The border method of irrigation described in this bulletin, while but 
one of the several methods followed in western states, is well adapted 
to a variety of soils and crops and is growing rapidly in public favor. 
35. First Aid for Irriga:tor. U. S. Department of Agriculture, Farm Secur-
ity Administration, Office of Area Engineer of Water Conservation 
and Utilization, Denver, Colorado, May, 1943. 
This is an excellent set of whiteprint plans drawn in perspective 
projection giving detailed instructions for distributing irrigating water. 
Many of these plans are used as illustrations in the foregoing pages. 
See also references 1, 2, 9, 17 to 20 inclusive, and 24. 
Sprinkling 
:'(j_ Drought Protection by Spray Irrigation, by K. Laux. Engineering 
Progress, Vol. 17, pp. 378-9, December, 1936. 
Description of portable Perrot-Deutz Diesel pump for spray irriga-
tion from open bodies of water; data on overhead irrigation practice. 
?_•·· ,. I. 
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Irrigation by Sprinkling, by J. E. Christiansen. Agricultural Engineer-
ing, Vol. 18, pp. 533-8, December, 1937. 
Report on the University of California experimental study of irriga-
tion sprinkling with portable systems. This study gives uniformity of 
distribution, evaporation losses, hydraulic characteristics, costs, and 
ground conditions for success in a sprinkler system. 
38. Sprinkler Irrigation in Humid Sections of Oregon, by F. E. Price. 
Agricultural Engineering, Vol. 19, pp. 161-2, April, 1938. 
Review of expansion of overhead irrigation of vegetable crops in 
Western Oregon during recent years. Examples of use and cost. 
39. Low Pressure Sprinkler Irrigation, by F. W. Duffer. Agricultural En-
gineerings, Vol. 20, pp. 97-8, March, 1939. 
Engineering and cost data on the construction and operation of 
portable rotary sprinkler systems of irrigation. 
40. Hydraulics of Sprinkling Systems for Irrigation, by J . E. Christiansen. 
Agricultural Engineering, Vol. 22, p. 89, March, 1941. 
Uniformity of application of water by sprinkling systems. Spacing, 
arrangement, and operation of irrigation sprinklers so that there can 
be absorption without run-off. 
41. Hydraulics of Sprinkling Systems for Irrigation, by J. E. Christiansen. 
America,-.. Society of Civil Engineers, Transactions, 1942, pp. 221-39, 
240-50, 580. 
Describes low-cost portable systems with respect to ( 1) the hydraulic 
characteristics of rotating sprinklers, (2) loss of water by evaporation, 
and ( 3) the hydraulic characteristics of sprinkler lines. 
42. Use of Garden Sprinklers, by R. G. Milton. Commonwealth Engineer-
ing, Vol. 30, pp. 130-5, January 1 and February 1, 1943. 
Results of tests to determine relationships between pressure loss and 
flow rate for a number of water sprinklers used for garden purposes. 
See also references 9, 13, and 24. 

RECENT PUBLICATIONS BY THE STAFF OF THE 
COLLEGE OF ENGINEERING, UNIVERSITY OF MISSOURI 
Agricultural Engineering 
BEASLEY, ROBERT P., Instructor in Agricultural Engineering 
"Supplemental Irrigation in Missouri." Agricultural Experiment Station, 
Bulletin 41 O, August, 1939. 
"Combine Harvesters in Missouri," with M. M. Jones. Agricultural Experi-
ment Station, Bulletin 426, April, 1941. 
"The Appraisal of Farm Buildings,''. with J . C. Wooley. Agricultural Experi-
ment Station, Circular 213, 1941. 
"Growing Sorghum and Making Sorghum Syrup," with C. A. Helm. Agri-
cultural Experiment Station, Circular 235, May, 1942. 
"Corn Tillage on Rolling Putnam Silt Loam,'' with M. M. Jones. Agricul-
tural Experiment Station, Bulletin 475, August, 1943. 
HiGHTOWER, LLOYD E., Instructor in Agricultural Engineering 
"Laboratory Manual in Farm Power Machinery,'' with Mack M. Jones. 
University Book Store, Columbia, Missouri, 1940. 
"Adapting Horse-Drawn Mowers to Tractor Power," Agricultural Experi-
ment Station, Circular 217, 1941. 
"Mower Repair-and Adjustment," with Mack M. Jones. Agricultural Exten-
sion Service, Circular 449, 1942. 
"Plow Adjustment and Operation,'' with Mack M. Jones. Agricultural El:-
Experiment Station Circular 252, 1943. 
Experiment Station, Circular 252, 1942. 
"Farm Tractors, Their Care, Operation and Maintenance," with Mack M . 
Jones. Agricultural Experiment Station, Bulletin 468, May, 1943. 
JONES, MACK M., Professor of Agricultural Engineering 
"Farm Shop Practice." Book. McGraw-Hill Book Company, 1939. 
"Manual of Farm Shop Practice." Book. McGraw-Hill Book Company, 1940. 
"Farm Water Systems," with J. C. Wooley and K. B. Huff. Agricultural 
Extension Service, Circular 413, February, 1940. 
''Combine Harvesters in Missouri," with R. P. Beasley, Agricultural Experi-
ment Station, Bulletin 426, April, 1941. 
"Water and Sewage Disposal for Farm Homes," with J . C. Wooley and 
K. B. Huff. Agricultural Extension Service, Circular 401 , March, 1939, 
revised July, 1942. 
"Mower Repair and Adjustment," with L. E. Hightower. Agricultural Ex-
tension Service, Circular 449, 1942. 
"Plow Adjustment and Operation,'' with L. E. Hightower. Agricultural 
Experiment Station, Circular 449, February, 1942. 
"A Home Made Electric Brooder," with C. E. Rohde. Agricultural Exten-
sion Service, Circular 486, February, 1943. 
"Introductory Shopwork," with Aaron Axelrod. Book. McGraw-Hill Book 
Company, 1943. 
"Rental Rates for Farm Machines," with L. E. Hightower. Agricultural 
Experiment Station, Circular 252, January, 1943. 
"Farm Tractors, Their Care, Operation an.d Maintenance,'' with L. E . High-
tower. Agricultural · Experiment Station, Bulletin 468, May, 1943. 
''Corn Tillage Studies on Rolling Putnam Silt Loam," with R. P. Beasley. 
Agricultural Experiment Station, Bulletin 475, August 1943. 
"Saving Ga soline on the Farm." Agricultural Experiment Station, Circular 
282, November, 1943. 
"Building a Sweep Rake." Agricultural Experiment Station, Circular 284, 
February, 1944. 
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WOOLEY, JOHN C., Professor of Agricultural Engineering 
"Water and Sewage Disposal for Farm Homes," with M. M. Jones and 
K. B. Huff. Agricultural Extension Service, Circular 401, 1939. 
"Farm Wa ter Systems," with M. M. Jones and K. B. Huff. Agricultural 
Extension Service, Circular 413, 1940. 
"Planning the Farmstead," with K. B. Huff. Agricultural Extension Service, 
Circular 439, 1940. 
"Terracing an Important Step in Erosion Control," with Marion Clark. 
Agricultural Extension Service, Circular 400, 1940. 
"The Appraisal of Farm Buildings," with R. P. Beasley. Agricultural 
Experiment Station, Circular 213, 1941. 
''Water Management for the Farm," with M. W. Clark. Agricultural Exten-
sion Service, Circular 433, 1941. 
"Four Types of Hog Houses," with K. B. Huff. Agricultural Extension 
Service, Circular 436, 1941. 
"Farm Buildings." Textbook. McGraw-Hill Book Company, 1941. 
"Ventilation of Animal Shelters," Agricultural Experiment Station, Circular 
219, 1942. 
"A Self Feeder for Hogs," with Marion Clark. Agricultural Extension 
Service, Circular 479, 1942. 
"Dair:S,- Farm Building Plans," with A. C. Ragsdale. Agricultural Extension 
Service, Circular 470, 1942. 
"Plans for Hog Houses," with R. L. Ricketts. Agricultural Extension 
Service, Circular 471, 1942. 
"Plans for Buildings and Equipment for Beef Cattle," with R. L. Ricketts. 
Agricultural Extension Circular 472, 1942. 
''Plans for Storage Buildings," with R. L. Ricketts. Agricultural Extension 
Circular 47 4, 1942. 
"Plans for Poultry Buildings," with R. L. Ricketts. Agricultural Extension 
Service, Circular 473, 1942. 
"Plans for Farm Houses," with R. L. Ricketts. Agricultural Extension 
Service, Circular 475, 1942. 
"Farm Building Repair," Missouri Agricultural Extension Service, Circular 
279, September, 1943. 
"A System of Checking Terraces," Agricultural Engineering Journal, Vol. 25, 
p. 260, 1944. 
"A Laminated Rafter Machinery Shed," with R. L. Ricketts. Missouri 
Agricultural Experiment Station, Circular 296, November, 1944. 
Chemical Engineering 
CURTIS, HARRY A., Dean 
"The T.V.A. Reviews Its Experience in Phosphate Smelting," with A. M. 
Miller and R. H . Newton. Chemical and Metallurgical Engineering, 
Vol. 45, p. 116, 1938. 
"Process Developments at the T.V.A . Phosphoric Acid Plant," with A. M. 
Miller and R. H. Newton. Chemical and Metallurgical Engineering, 
Vol. 45, p. 193, 1938. 
"Full Scale Production of Metaphosphate Achieved at Wilson Dam," with 
R. L. Copson, A. J. Abrams, and J . N. Junkins. Chemical and Metallurg-
ical Engineering, Vol. 45, p. 318, 1938. 
"The Western Phosphate Deposits." Industrial and Engineering Chemistry, 
Vol. 30, p. 973, 1938. 
"Design for a Phosphate Furnace," with R. C. Heaton. Chemical and 
. Metallurgical Engineering, Vol. 45, p. 536, 1938. 
"Fuel Gas Generator," with Ralph B. Stitzer and Wilbur J. Darby. Industrial 
and Engineering Chemistry, Vol. 32, p. 757, 1940. 
"Nitrogen for Industry, Agriculture, and War." Record of Chemical 
Progress 2, p. 1, 1941. 
Revision of Section 21 on Solid Fuels, Perry's Chemical Engineers' Hand-
book. McGraw-Hill Book Company, 1941. 
"General Outline of Chemical Engineering Activities." Report published 
by the U. S. Printing Office for the Tennessee Valley Authority, 1942. 
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"Nitrogen Fixation." Journal of Chemical Education, Vol. 19, p. 161, 1942. 
"Ammonia." Journal Chemical Education, Vol. 19, p .188, 1942. 
"Resources and Manpower of the 14 Middlewestern States; Section on Mis-
souri." Chemical and Metallurgical Engineering, Vol. 49, p. 93, 1942. 
Chapter on "Liebig and the Chemistry of Mineral Fertilizers" in book "Liebig 
and After Liel5ig," American Association for the Advancement of 
Science, 1942. 
U.S. Patfmt No. 2,110,870. Oxidizing Elemental Phosphorus, 1938. 
U .S. Patent No. 2,117,301, with R. L. Copson. Apparatus for Producing 
Phosphorus, 1938. 
U.S. Patent No. 2,143,001, with R. L. Copson. Producing Phosphorus, 1939. 
U.S. Patent No. 2,173,825, with R. C. Heaton. Apparatus for Making Cal-
cium Metaphosphate, 1939. 
U.S. Patent No. 2,173,826. Making Calcium Metaphosphate Fertilizers, 1939. 
U.S. Patent No. 2,184,287. Making Calcium Metaphosphate, 1939. 
OLDHAM, FRANK D., Assistant Professor of Chemical Engineering 
"Behavior of a New Source of Available Magnesium for Phosphatic Ferti-
lizers, " with W. H. Maclntire and L. J. Hardin. Industrial and Engineer-
ing Chemistry, Vol. 30, p. 651, 1938. 
PORTER, DAVID J., Assistant Professor of Chemical Engineering (Resigned, 1944) 
"Analysis of Constant Pressure Filtration Data." Industrial Engineering 
Chemistry, Vol. 15, p. 269, 1943. 
Civil Engineering 
COMINS, HARRISON D., Assistant Professor of Civil Engineering 
"Curing and Test Conditions Affect Strength of Specimens," with R. B. B. 
Moorman. Concrete, Vol. 48, p. 33, 1940. 
MOORMAN, ROBERT B. B., Professor of Civil Engineering 
"A Semi-Graphical Method of Analysis for Horizontally Curved Beams," 
Engineering Experiment Station, Bulletin 29, 1938. 
"Curing and TeRt Conditions Affect the Strength of Specimens," with Har-
rison D. Comins. Concrete, Vol. 48, p. 33, 1940. 
'''Stresses in a Curved Beam under Loads Normal to the Plane of Its Axis." 
Iowa State College Engineering Experiment Station, Bulletin 145, 1940. 
"Shear and Bond Stresses in Wedge-Shaped Reinforced Concrete Beams." 
Civil Engineering, Vol. 11, p. 114, 1941. 
"Pres~ures on Unsymmetrical Pile Groups." Civil Engineering, Vol. 13, 
p. 326, July, 1943. 
"Wedge-Shaped Structural Members under Direct Stress and Bending." 
Proceedings American Society of Civil Engineers, June, 1944. 
NEW, JOHN C., Instructor in Civil Engineering 
"Selected Problems in Materials Testing," with Manford B. Tate. Book. 
Missouri Book Store, 1944. 
RUBEY, HARRY, Professor of Civil Engineering 
"Route Surveys." Textbook. Macmillan Company, 1938. 
"Route Surveys." Journal of Engineering Education, Vol. 29, p. 248, 1938. 
"Course Content and Teaching of Route Surveys." Proceedings American 
Road Builders' Association, p. 484, 1939. 
"Report of the Committee on Transportation." Society for the Promotion 
of Engineering Education, Civil Engineering Bulletin, p. 8, Decem-
ber, 1939. 
"Transportation as Affected by Technology." National University Extension 
Association, Debate Handbook, p. 43, 1939-40. 
"Route Surveys." Second Printing with Revisions. Textbook. Macmillan 
Company, 1940. 
"Engineering Surveys," with Lommel and Todd. Textbook. Second revised 
Edition. Macmillan Company, 1940. 
"Applied Engineering Surveys," with Lommel and Todd. Textbook. Mac-
millan Company, 1942. 
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"Supplemental Irrigation for Missouri and Regions of Similar Rainfall." 
Engineering Experiment Station, Bulletin 33, March, 1945. 
STOCKTON, EDWARD LEE, Graduate Student, 1941-42 
"Cross-Connections Survey in Calhoun County, Michigan," in cooperation 
with the Kellogg Foundation, Battle Creek, Michigan. Engineering Ex-
periment Station, Bulletin 31, 1942. Revised and reissued as Bulletin 32 
in 1943. 
TATE, MANFORD B., Assistant Professor of Civil Engineering 
"Selected Problems in Materials Testing," with John C. New. Book. Mis-
souri Book Store, 1944. 
WINTERKORN, HANS S., Associate Professor of Civil Engineering (Resigned, 1943). 
"Affinity of Hydrophilic Aggregate for Asphaltic Bitumen: Use of Furfural 
and Its Resinous Derivatives for Improving Affinity." Industrial En-
gineering Chemistry, Vol. 30, p. 1362, 1938. 
"Progress in Research in the Adhesion Between Mineral Fractions and 
Bituminous Materials." Proceedings Montana National Bituminous 
Conference, p. 136, 1938. 
"Progress in Research on the Improvement of Soil Properties by the Use 
of Chemical Admixtures." Proceedings Montana National Bituminous 
Conference, p. 136, 1938. 
"Theory of Soil Characteristics and Application to Soil Stabilization." Uni-
versity of Colorado Highway Conference, p. 47, 1938. 
"Adhesiveness of Bitumen to Silica Sand," with George W. Eckert. Indus-
tr ial and Engineering Chemical Analysis Education, Vol. 2, p. 546, 1939. 
"Die Bodenverfestigung mit Bituminosen Bindemitteln." Address to Forsch. 
Gesellsch. f.f. Strassenwesen, E. V. Berlin, January, 1939. Copies dis-
tributed by this Society. 
"Quantitative Methods of Measuring Adhesion of Bituminous Materials." 
Proceedings Montana National Bituminous Conference, p. 118, 1939. 
"Consistency and Physico-chemical Data of a Loess Pampaneo Soil: I. 
Physico-chemical Properties of Samples from Different Depths of a 
Profile. II. Properties of Natural and Homoionic Samples of Soils and 
Clays.'.' Soil Science, Vol. 49, pp. 73 and 479, 1940. 
"Physico-chemical Factors of Importance in Bituminous Soil Stabilization." 
Proceedings Association of Asphalt Paving Tech., Vol. 11, p. 204, 1940. 
"Physico-chemical Testing of Soils and the Application of the Results in 
Practice_. " Proceedings of the Twentieth Annual Meeting of the High-
way Research Board, p. 798, December, 1940. 
"Colloidal Stability of Asphalts." Industrial and Engineering Chemistry, 
Vol. 33, p. 1285, 1941. 
Report of Committee of Physico-chemical Testing of Soils." Highway Re-
search Abstracts, Convention Number, p. 33, 1941. 
"A Study of Changes in Physical Properties of Putnam Soil Induced by 
Ionic Substitution," with R. B. B. Moorman. Proceedings of the Twenty-
first Meeting, Highway Research Board, p. 415, 1941. 
"Application of Modern Clay Researches in Construction Engineering," 
Fiftieth Anniversary Program, University of Chicago, Journal of Geology, 
Vol. 50, No. 3, p. 291, 1942. 
"Bituminous Soil Stabilization." Proceedings Association of Asphalt Paving 
Technologists Vol. 1'3, p. 172, 1942. 
"Mechanism of Water Attack on Dry Cohesive Soil Systems." Soil Science, 
Vol. 54, p. 259, 1942. 
"Surface Chemistry in Soil-Asphalt Systems." Journal of Asphalt Tech-
nology, Vol. 1, No. 2, p. 11, 1942. 
"The Use of Soil-Cement and Soil-Aggregate-Cement Mixtures in the Con-
struction of Base Courses." (Co-author). - Highway Research Board 
Sub-Committee on Soil-Cement. War Time Road Problems Bulletin 7' 
1943. ' ' 
"Soil Stabilization by the Use of Rosin; Development of Chemicals to Effect 
Soil Stabilization"; with G. W. McAlpen. U. S. Dept. of Commerce 
Civil Aeronautics Administration, June, 1943. ' 
U.S. Patent No. 2,314,181, March 16, 1943. 
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Woon, HORACE W. JR., Professor of Civil Engineering 
"Flood Flow on Missouri Streams." Engineering Experiment Station, Bul-
letin 30, 1942. 
Series of seven mimeographed bulletins prepared for the Missouri State 
Defense Council and distributed in 1942. 
Electrical Engineering 
WAIDELICH, DONALD L., Assistant Professor of Electrical Engineering 
"Steady-State Testing with Saw-Tooth Waves." Proceedings Institute Radio 
Engineers, Vol. 32, p. 340, 1940. 
"Voltage Multiplier Circuits." Electronics, Vol. 14, p. 28, 1941. 
"The Numerical Solution of Equations." Electrical Engineering, Vol. 60, 
p. 480, 1941. 
"The Full-Wave Voltage-Doubling Rectifier Circuit." Proceedings Institute 
of Radio Engineers, Vol. 29, p. 554, 1941. 
"The Measurement of Iron-Cored Choke Inductance," with E. H. Meier. 
Communications, Vol. 21, p. 5, 1941. 
"Diode Rectifying Circuits with Capacitance Filters." Transactions Amer-
ican Institute of Electrical Engineers, Vol. 60, p. 1161, 1941. 
"The Steady State Response of Circuits." Communications, Vol. 22, pp. 13, 
14, and 46, November, 1942. 
"Steady State Currents of Electrical Networks." Journal of Applied Physics, 
Vol. 13, p. 706, 1942. 
"The Half-Wave Voltage-Doubling Rectifier Circuit," with C. H. Gleason. 
Proceedings Institute of Radio Engineers, Vol. 30, p. 535, 1942. 
"Another Method of Solving Three-Phase Circuits." Journal of Engineer-
ing Education, Vol. 34, p. 332, 1944. 
"Characteristics of Voltage Multiplying Rectifiers," with C. L. Shackelford. 
Proceedings Institute of Radio Engineers, Vol. 32, p. 470, 1944. 
WALLIS, CLIFFORD M., Professor of Electrical Engineering 
"Half Wave Gas Rectifier Circuits." Electronics , Vol. 11, p. 12, 1938. 
"Full Wave Rectifier Analysis." Electronics, Vol. 13, p. 19, 1940. (Repub-
lished in Electronics Engineering Manual, McGraw-Hill, 1941). 
"Full Wave Rectifier with Choke Input." Electronics, Vol. 15, No. 3. 
WEINBACH, M. P., Professor of Electrical Engineering 
"The Log Log Duplex Vector Slide Rule." A Manual published by Keuffel 
and Esser, Hoboken, N. J., 1939. 
"History of the University of Missouri." Chapter XIV, 1939, published by 
the University of Missouri. 
"Engineering at the University of Missouri, A History of the College of 
Engineering." 1941. Published by the Engineering Foundation of the 
College of Engineering. 
Mechanical Engineering 
BOLSTAD, MILO M., Assistant Professor of Mechanical Engineering 
"I. Q. Calculator" and "Per Cent of Average Calculator." Slide rule devices. 
Educational Test Bureau, Educational Publishers, Inc., 1941. 
GRAY, ELLSWORTH S., Associate Professor of Mechanical Engineering (Resigned, 
1944) 
"The Meaning and Use of Entropy." Power, Vol. 86, p. 88. 
"Fuels and Their Combustion in Greenhouse Heating." Florists' Review, 
Vol. 90, No. 2319, 1942. Same article in Southern Florist, Vol. 52, No. 
20, 1942. 
"Induced Draft Cooling Tower Test Performance." Power Plant Engineer-
ing, p. 70, 1944. 
MILLER, WALTER H., Assistant Professor of Mechanical Engineering 
"Engineerine; Drawing Problem Book." Lucas Brothers, 1939. 
"Freehand Inclined Lettering Sheets." The University Book Store, 1939. 
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